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Page xvi For lines — 

Severn Framilode to Hock Crib, 14 miles 8 (inches fall per mile). 
Hock Crib to Sharpness Point 24 „ 5 »> h 

Bead 

Framilode to Hock Crib . . . . 8 miles 12*5 (inches fall per mile). 

Hock Crib to Sharpness Point 8 „ 14 
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Page Ixxxi., lice 2 of concluding remarks — 
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On table 19, page 36, last line but fonr — 

For Irish Mile ^ 3038 yards, 

Read = 2240 yards. 

Page 6. Table 2, column 2,— against '34, for 41'17, read 42'17, 

„ „ column 4, — against '55, for 86'69, read 86*89. 
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PREFACE TO THE FIRST EDITION. 



In the computation of hydraulic questions daily required by 
an Engineer, much labour is saved by the systematic use of 
Tables ; the means of detecting errors are far greater than 
in isolated calculations ; and the results, when tabulated, are 
more useful than any mere formula : the one shows the 
object attuned — the other gives the means only. 

In the following treatise, the author has endeavoured to 
extend the basis of hydraulic calculations, on which there 
should not be much difference of opinion, to systematic 
results ; the Tables are reduced to uniform measurements 
throughout, and the range of computations for slopes, velo- 
cities, &c., are such as will be required in practice ; the 
whole being expressed in decimal measures, which give great 
facility for application. 

To these are added the general qualities of materials, with 
computations for the strength of iron beams of approved 
proportions, concluding with Tables of Numbers, &c., gene- 
rally required in a treatise intended for ordinary use of the 
Practical Engineer. The powers, roots, and logarithms of 
numbers are appended in a simple and legible form, to save 
the labour of searching them from different works in the 
numerous requirements of the profession. 

The computations of all the principal Tables are original, 
and have taken much time and labour. It would be scarcely 
possible to enumerate all the authorities ; among others con- 
sulted are — Robison, Leslie, Bossut, lyAubuisson, Rennie, 
&c. ; without previous researches, it would be useless to 
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attempt a treatise of this kind, and therefore, probably, the 
suggestions of many have been useful, although not speci- 
fically acknowledged. 

The leading object has been to induce a more general and 
systematic application of hydraulic formulae to practice : for 
the principles, being subject to the laws of gravity, must 
be uniform ; therefore, however varying the means and cir- 
cumstances, the results should be consistent. 

The remarks upon rain-fall and the produce of springs, 
have been made rather to give examples than to propound 
any particular theory. It is hoped that others may be in- 
duced to give their experience and facts, to throw more 
light upon the subject. 

When time permits, it is intended to add a Supplement, 
containing a generalized view of the phenomena of tidal 
estuaries, as practically useful to the engineer, with some 
more extended remarks on the flow of water from large 
districts. 



13, Great College-streety 

Westminstery May, 1850. 



PREFACE TO THE SECOND EDITION. 



The First Edition of this work was received with much 
greater favour than the author had at all expected ; and bj 
the kindness of his friends, the sale was large, for so technical 
a work. This will be the best excuse for the new form in 
which the book is offered. To extend the use of this edition 
as a hand-book for the Engineer, in matters relating to Hy- 
draulics and Hydrodynamics, many new Tables have been 
constructed, and Tide Tables are inserted at the close of the 
book, chiefly compiled from the data offered in the annual 
Admiralty Tide Tables, and from the Nautical Almanac. 

The Table of Constants for time and height of high water 
and mean spring range has been much extended, from 
various sources, including our own observations; where 
blanks are left, it will be easy to fill up as opportunity 
requires and offers. 

The introductory remarks on the use of the Tables, have 
been amended, and more information is interwoven, chiefly 
on our English rivers — ^the drainage areas of the more im- 
portant of which have been especially computed from the 
Ordnance Map. The original remarks on tides and rivers 
are limited, or otherwise we should have been travelling out 
of the scope of this treatise ; experience and practice are the 
great guide ; and therefore, to obtain the best data for prac- 
tical results, we have carefully collated all the well-authen- 
ticated data within our reach or personal experience, and 
had them condensed into tabular forms. The author has to 
thank several professional friends — Messrs. Cubitt, RendeK 
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Bennie, Simpson, &c. — for their kind assistance in permitting 
the use of, and communicating original papers. We have 
also to acknowledge accessible information at the disposal of 
Admiral Sir F. Beaufort, F.R.S., Captain Drinkwater 
Bethune, and Captain Vetch, of the Admiralty Harbour 
department^ whose published reports contain good data — 
not omitting to mention Captain Beechey's very valuable 
published papers ; others to whom we are indebted, are 
named especially when the information is due to them. 

Considering the small extent of engineering literature, 
and the immense stores of knowledge constantly accumu- 
lating in the office of an Engineer, it is to be wished that 
more of these data were placed at the public disposal, for it 
is on such alone that any true theories can be constructed. 

Both editions of this work have been got up among a 
multitude of other necessary avocations ; and the laborious 
details of calculation have been carefully and I believe accu- 
rately worked out by assistants — Mr. A. Sanderson for the 
first, and Mr. R. Despard in the preseat edition. 



September y 1851. 
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Second. — ^When the discharge and the area of the opening are given, 
to find the head required ; divide the given discharge inject, per minute 
(adding l-Sth for pipes) by the area of the orifice in feet, find the 
result in column C or D, according to the case, and column A. will show 
the head required. 

Third. — When the discharge and the head of water are given, to find 
the area of opening ; divide the given discharge (or half such with a head 
decreasing* to zero) hv the tabular discharge opposite the given head 
(deducting I '9th of column Cfor pipes) and the result will be the area 
of the otifice required. 

Examples may be worked from the former ones, thus : — Required the 
area of lock sluices to run 2,938 cubic feet per minute, with six feet 
difference of level ; or, in other words, to empty a lock 100 X 18 in 
3.67 minutes. 

The tabular number for 6 feet of head, in column D. is 734.7, and the 
mean discharge for the gradually decreasing head of the emptying lock, 
will be half, or 367.3 cubic feet per minute ; then ^lz=z8 feet area of 
sluice required. 

A vertical pipe is required to discharge 138 cubic feet per minute, from 
a reservoir with 50 feet head ; required the area and consequent diameter? 

The tabular number opposite 50 feet of head is 3181.95, which reduced 
l-9th is 2828.4. Then ^^ = .049 for the area of the pipe, which by 
the table of areas will be found to be four inches diameter. 



GENERAL RULES FOR DISCHARGE FROM SLUICES, 
TANKS, RESERVOIRS, AND VERTICAL PIPES. 

First Case. — Multiply the square root of the given head in feet, by 450 
(400 or 300) times the given area in feet ; the result is the discharge 
in cubic feet per minute. 

Second Case. — Divide the discharge in cubic feet per minute by 450 
(400 or 300) times the area in feet ; the square of the result is the 
head in feet 

Third Case. — Divide the discharge in cubic feet per minute by the pro- 
duct of 450 (400 or 300), multiplied by the square root of the given 
head in feet ; the result is the area of tlie pipe or opening. 

Note»^-4!)0 is the multiplier for bridges, &c. 
400 „ pipes. &c. 

300 „ ordinary sluices, &c. 



* Where the orifice of the sluice is covered, as in locks and river sinices, the " head 
of water " is tlie di£Eerence of level between the respective surfaces ; in other cases, the 
head is to be taken from the surface to the centre of the opening ; and for bridges, <r 
similar cases, the accurate difference of level between the water surface on the upper 
and lower side of the bridge. When water is drawn down, as out of a lock with a 
head gradually diminishing to nothing, the discharge will be as the maximum head 
in half the time ; or in other words, for a head of six feet gradually diminishing to 
nothing, the main discharge will be half the tabular number (for 6 feet) per m nute 
for the whole time. Other cases of reservoirs, &c., emptying or filling with an in- 
creasing or decreasing head, require iutricate calculation, and we have theiefore in- 
serted in the Appendix some interesting problems from Huttou's Tracts which can be 
best understood by perusal. 
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The Eules and Tables above described, when carefnllj applied, will be 
found to meet all ordinary cases in practice. The observer will frequently 
find his sluices, &c., more or less favourably circumstanced, and he must 
exercise his discretion accordingly. Where there are very severe bends 
in pipes and culverts a loss of discharge is occasioned, which is treated 
of in another place. 



DISCHABOE OP WEIBS OB OVEBfALLS.-Table 2. 



DESCRIPTION OF THE TABLE. 

This Table is computed by the formula d = 214 \/h^, where d is the 
discharge in cubic feet per minute, of one foot in width of the waste-board 
or cill of the weir, and h is the true height from the top edge of such cill 
to the s^rf^ice of water where it is at rest, or nearly so. The principle of 
the formula is, that the curve of the water falling over is a parabola; con* 
sequently there can be discharged only two-thirds of the water which 
would pass the full section due to h; the constant 214 is two-thirds of 
321, which has been found, by frequent trials, to represent the factor, to 
be multiplied by yh for giving the mean velocity in feet per minute of 
water passing over an obstacle such as a waste-board. The constant 214 
is consequently liable to some variation under favourable circumstances; 
for instance, where the weir is formed of a number of short bays, divided 
by beams. In these cases, the water passing the edges assumes the vend 
contractd form, and consequently the width of the opening should be 
reduced for the true quantity of water passing. These and other causes 
which may render the observation liable to error, must be treated with 
judgment, according to circumstances. 



PRACTICAL APPLICATION FOR GAUGING. 

The best way of gauging weirs is to have a post with a smooth head* 
level with the edge of the waste-board or cill; to be driven firmly in some 
part of the pond above the weir which has still water. A common rule 
can then be used for ascertaining the depth, or a gauge, shewing at sight 
the depth of water passing over, may be nailed on, with its zero at the 
level of the cill of the weir. The depths in the table are given in feet 
and decimals, as used in ordinary levelling: this unit abridges calculation, 
and is altogether better than measurement by inches, which has been the 
more usual custom. Among practical engineers, gauging by a weir has 
been always justly held to atfbrd the most certain and efficient result, aud 
especially for ascertaining the comparative discharges of streams, which, 
in cases of litigation and arbitrations, is often as important as ascertaining 
the real quantity. The plain rules for correct gauging should be, absence 
of wind and current, a good thin-edged waste-board, and a weir not so 
long in proportion to the width above it as to wire-draw the stream; for, 
in this case, the water will arrive at the weir with an initial velocity due 
to a fall which is not estimated in the gauging, and the result will be too 
small, in all probability. A weir, for correct gauging, should always 
have a free fall over; but there are sometimes cases where measurements 
are required with drowned woii'S — so called when the tail water has risen 
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above the level of the cill. In this case we have two conditions to deal 
with; first, the water passing at a depth represented by the difference of 
levels of the upper and lower maj be treated by this Table as a simple 
overfall; secondly, there is a section of water passing between the top of 
the waste-board and level of the lower water, whose mean velocity will 
be that due to the difference of level or head above-mentioned. The 
velocity and discharge of this portion of the weir can then l>e computed 
from column D, Table 1 : the sum of the two will give very nearly the 
true discharge. 

The application of the Table in constructing weirs for relief of flooded 
lands is obvious. 

A paper has been lately read before the Institution of Civil Engineers, 
by T. E. Blackwcll, Esq., the Engineer of the Kcnnet and Avon canal: 
it is on the eve of publication in their Transactions, and will be found 
well worth the study of those interested in these pursuits, as containing a 
condensed account of a vast number of experiments which must have 
taken great time and labour. The results of Mr. Blackwell's experi- 
ments seem to be, that under favourable circumstances, the constant by 
which the Tahle No. 2 is calculated, is substantially correct; that is to 
say, in a good situation for the flow of water approaching, and with a 
thin waste-board. With thick waste-boards, and narrow openings, the 
results are generally .80 of those which would be given by the Table. 

One important and useful set of his experiments, arc on weirs with 
a lip three feet wide, having an edge level, or with a small slope in the 
transverse section; this is a kind of case frequently met with in practice, 
and we find that the results of Mr. Blackwell's experiments give from 
.70 to .75 of the Tables; this is quite consistent with the allowance we 
have generally found it necessary to make, where so much friction is 
involved. 



STJEFACE, MEAN, AND BOTTOM VELOCrriES 
Of Bdvers, Streams, and Estuaries.— Table 3. 



DESCRIPTION OF THE TABLE. 



This Table is computed from the formula b = y^s — 1 *, where the 
velocity at the surface in the middle of a river is s, and that at the bottom 

b. The column of mean velocities is -!X_ ; or may be found in an easier 

way by taking the mean velocity, m = s — |/8+.5. In the formula, the 
velocities are expressed in inches per second, but in the Table they are 
reduced to feet per minute, which is made the unit throughout tins' 
work, where applicable to ordinary use and custom. 



PRACTICAL APPLICATION. 

The Table shews, by inspection, the relative velocities of streams of all 
kinds, extending from 5 to 950 feet per minute. Its most important use 
is for gauging any quantity of water passing down any river or stream. 
Por this purpose, get the surface velocity at the central part of the stream, 
by observing, either with a current meter, or with floats barely reaching 
the surface, and otfering no space to the action of the wind ; their velocity 
being noted by fixed buoys or by marks upon shore. The mean velocity 
corresponding to that of the surface as then obtained, is, in fact, an ima- 
ginary quantity, representing the mean oi the whole area of water passing 
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the place of observation; therefore, when the discharge of a stream is 
required, take cross sections where the channel is straight, and observe the 
velocity of the surface; look in the Table for the corresponding mean 
velocity, and multiply it by the area of the section in feet; the result will 
be the discharge in cubic feet per minute. If a current meter is used, take 
the velocity at the place of section; or if floats, take their time of passing 
between two sections; in either case repeating the observations at several 
places, for obtaining an average, and using the greatest judgment in 
selection of places for trial, for otherwise the whole is liable to be incorrect. 

The bottom velocities are chiefly useful for shewing the permanent limit 
of tiie bank, &c, of a stream which may be required to be straightened or 
made dt novo. If any river pass at a greater rate than the banks will 
bear, it is a beautiful law of nature, and most certain in its effects, that a 
greater sectional area is cut out; and thus the hydraulic mean depth being 
increased, the surface slope becomes flatter, and the general velocity and 
scouring action is reduced. It is most essential to the success of artificial 
cuts that their bottom velocities should not exceed the permanent limit of 
the material through which they pass. The first action of this kind 
destroys the whole economy of a work,— deepening unequally is com- 
menced, — eddies and slioals must follow, and inequidity of water surface 
accompanies the evil, reproducing these effects. 

The second page of this Table is headed by a statement of the effect of 
bottom velocities on materials through which rivers usually are cut, and 
the}' form a criterion for the limiting bottom velocities of new cuts. It 
will be found, however, that the Table somewhat over-rates the effect 
produced by currents when applied to rivers as they exist; for there are 
constant occurrences of higher velocities than these, offering no permanent 
damage to the bed of rivers; in point of fact, the bottom invariably 
becomes covered with weed or slime, which much prevents the effect of 
abrasion. 

The most useful instmment for getting velocities, where a float is not 
applicable, and where an under current is probable, is the current meter, 
formed by a vane in the Archimedean form, carrying an endless screw, 
which turns a wheel divided on the circumference. We have had one 
made lately with a second or differential wheel, worked by the same screw, 
having one tooth less than the first, and shewing in its revolution about 
1,128 turns of the first wheel; this gives the power of leaving the instru- 
ment under water for a considerable time, which is frequently very 
desirable for obtaining a good mean velocity. In gauging by velocities, 
care should be taken to ascertain that the current does not under-mn at 
the place of observation. This phenomenon frequently occurs in rivers 
and tidal streams, where the passage is narrow and deep, the latter 
generally an effect of the under- current rather than a cause. At sharp 
bends of large rivers, and at headlands on sea-coasts, this generally 
occurs, and is detected on the surface by the races which are formed. 
Striking instances may be seen off the Isle of Portland, and some of the 
bold badlands of Cornwall, Wales, and the north and west of Ireland 
and Scotland. 



ASTEBIAL DRAINS, BIVEBS, &o.— Tables 4 & 4a. 

The rule on which this table is constructed is — multiply the hydraulic 
mean depth in feet by twice the fall in feet per mile; take the square root 
of the product and multiply it by 55; the result is the mean velocity of 
the stream in feet per minute; this again multiplied by the sectional area 
in square feet, gives the discharge in cubic feet per minute. The hydraulic 
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mean depth is obtained by dividing the sectional area of the stream by the 
border or wetted perimeter: in pipes this is simply oue-fonrth of the 
diameter. The table is arranged for falls of 2, 3, 4, 5, 6, and 9 inches, 
per mile, but, by referring to the short table at the commencement of 
page 8, it can be readily extended to 12 more rates of fall per mile — and 
even farther extended by using the following rule, viz. : the velocity and 
discharge varying as the square root of the fall, half the discharge or 
vdocity of any given fall will be the discharge or velocity for one-fourth 
that fall; or vice versa, for Me discharge or velocity of four times any 
given faU per ndlej take twice the discharge or velocity of such fall. 

Table 4a is given chiefly for application to large rivers, and it will be 
found to include in its dimensions some of the greatest examples. As 
applied to tidal rivers it shows that enormous power of discharge is given 
to large sectional areas, however small the fall, simply because the tabular 
results are based upon uniform construction and regular beds. Having 
analysed numerous actual observations of rivers, the author has never 
found the rule for this table at fault, when the conditions were fairly 
represented in the experiments. 

The application of these tables to cuts of all kinds for straightening 
rivers, for forming mill heads and carrying off flood waters, is sufficiently 
obvious. The tables shew the slopes that rivers of various sizes will 
assume under the laws of gravity influenced by friction of the bed ; 
giving by mere inspection what would otherwise require tedious compu- 
tation. 



The following Statement of Falls of Lincolnshire Drains, &c., is by Mr. 
Utting, of Wisbeach, the Surveyor to the Nene Outfall Commissioners. 

Fen land ranges from 8 to 14 feet above the level of low water at sea. 

On the river Ouse, between February 2l8t and April 2nd, 1848, 
during the prevalence of the heaviest flood that had occurred for 
several years, the average fall per mile on the surface of low water, from 
Denver Sluice to Free Bridge, was under 7} inches per mile, and the 
maximum inclination was, on March 23rd, less than 9 inches per mile. 
Also, during the six weeks' flood, from October 9th to November 19th, 
1848, the average fall was less than 7" per mile, and the maximum under 
9" per mile. During the fourteen weeks, from November 15th, 1847, to 
February 20th, 1848, the average fall was 6A inches per mile; and ftrom 
November 15th, 1847, to April I6th, 1848, tne average fall was less than 
7 inches per mile. 

On the 16th July, 1849, the total fall from Denver Sluice to Free 
Bridge, was only 2' 9', or 2.6 inches per mile, for 12 miles 5 furlongs. 

In the Nene, between the North Level Sluice and Sutton Bridge, the 
fall in the ordinary state of the river does not exceed 1} or 2 inches per 
mile; and at the height of the flood of March, 1848, it did not exceed 4 
inches per mile: and at the same time, the fall from the Horseshoe to the 
North Level Sluice (4i miles), was only 6" more than ordinary. Below 
Sutton Bridge, the fall is ordinarily about 1 inch per mile, though the 
surface of low water is frequently leveL 

From March 13th to 26th, 1848, low water at Sutton Bridge, was, on 
the average, 4' 8".6 lower than at Free Bridge. 

The original dimensions for the upper end of the Nene outfall cut, 
were 410 feet wide at top, or at the level of high water spring tides; 
250 feet wide at bottom, and 20 feet deep; giving an area of 6597 
square feet. 

The £au Brink cut, at spring tides, has 5535 square feet of sectional 
area. 
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GENERAL APPLICATION TO RIVER IMPROVEMBNTS. 



The following Table of the Charaoteribtics of Riters, from the 
Phil. Tram., gives a good outline of their general conditions. 

The velocities and Inolinations shew what may be expected under g^ven oonditionn, 
and will be thus practically useftil; it will be found to describe well the nature of the 
rivers of Great Britain, which frequently embrace in their ooume nearly aU the 
eight descriptions. The insertions in blacker type are the author's. 



CHARACTERISTICS OF RIVERS. 



First. — Channels where resistance from the 
bed and other obstacles equal the current 
acquired from the declivitj; so that the 
waters would stagnate were it not for the 
impulse of back water 

Second. — Rivers in low flat countries, full of 
turns and windmgs, and of a very slow 
curreut. subject to frequent and lasting 
inundations 

Third. — Artificial canals in the Dutch and 
Austrian Netherlands. 

Fourth. — Rivers in most countries that are a 
mean between flat and hilly, which hare 
good currents, but are subject to over- 
flow ; also the upper parts of rivers in 
flat countries 

Fifth. — ^Rivers in hilly countries, with a strong 
current, and seldom subject to inunda- 
tions ; also all rivers near their sources 
have this declivil^ and velocity, and often 
much more 

Sixth. — Rivers in mountainous countries, 
having a rapid current and straight 
course, and very rarely overflowing ...... 

Seventh. — Rivers in their descent from among 
mountains down into the plains below, 
in which plains they run torrent- nrise ... 

Eighth. — ^Absolute torrents among mountains 



Velocity 

in Feet 

per minnte. 



60 to I20 



Inclination. 

Inches 

per Mile. 



8.00 to 5-28 



6o 



80 to 40 



90 



130 



180 



300 
480 



12. 18 

8.00 to 9 •OS 



15-84 



19.8 

a4-37 

31.68 
37.27 



The following is a Tablb of the Size, Yelocitt, and Fall of several 

Important Rivers. 

It is compiled from Mr. Rennie's Reports en Hydraulics; the English Rivers from 
the Authors Motes ; those marked (a) from a paper by Mr. David Stevenson. G.E., 
Edinburgh : the Nile is from some late remarks made at the Institution of Civil 
Engineers, by Robert Stephenson, Esq., M.P. 
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NAME, DESCRIPTION, AND SECTION 
OP RIVER. 



I>ee, lower part above Chester (a) 

Lune „ „ Lancaster (a) 

Forth „ near Stirling (a) 

Thames average — Oxford to Teddington, in- 
cluding weirs 

,1 Hampton Court i6oy,6 

„ Below Staines Bridge i6oX7 

„ „ „ more water, i6oX^ 
„ Hurley (deep section) 1 66 X » i 

Severn, Worcester to Gloucester 150X i^ 

„ Gloucester to Longnej 10 miles. 

„ Longney to Framilode 2 „ 

„ Framilode to Hock Crib ...14 „ 
„ Hock Crib to Sharpness Pt. 24 „ 
„ Sharpness to Old Passage ... 1 5 „ 
„ Old Passage to King's Road 8 „ 

Shannon, Limerick to Lough Allen 

Nene, above Peterborough, below weirs ...(6) 
„ Northampton to Wansford average 
„ Wansford to Peterborough, average 

„ Peterborough to Guyhim 44 X 5 . 5 

„ New Cut at Cross Keys Wash 

Eau Brink Cut, in Norfolk 

Drains, in Lincolnshire 

New Biver — 18X4*4 (faU including sluices) 
M n (fall of surface) 

Seine, at Paris (mean depth 3.6 feet) 

„ Paris to Havre, mean 

Loire, between Pouilly and Briare 

„ „ Briare and Orleans 

Rhone, from Besancon to the Mediterranean 

Lys and Scheldt 

Canals in Flanders 

Po 

Rhine, between Schaifhausen and Strasburg 
„ n Strasburg&Schenckenschantz 

Canal of Pius 6th — Ordinary state: Ist length 

2nd length 
,> „ Flood time: 1st length... 

2nd length... 

Uffente 

Amazon 

Ganges (valley 9 ins. per mile), dry season... 
„ rate of inundation, at Rajmahal (e) 

Neva, at St. Petersburgh 900X^3 



Surface velocity. 
Feet ^ Min. 



176 

143 

»30 
101 

40 to 50 

190 



50 to 70 
'66*' 



50 to 60 

19 



"5 



»75 



264 

44 
156 



Fall per Mile. 
Inches. 



II 
23 
>3 

21 
below weir 

3-73 
1.50 

between weirs 

5- 
1.25 

9- 
8. 

5. 
12. 

nearly level 

12 

5 to 12 

38 . 7 valley 

2 1. 8 valley 
2.0 

4.9 

5-0 

5.0 

a. 5 
9 to 12.67 

12.4 

8.4 

4.6 
24.18 

9-5 

6.33 

6. 
48. 
24. 
17.23 

4.31 
16.47 

5-76 
3.1 to 6.0 

*-34 
4- 

1.7 



(6) (b) The fall in this river is to a great extent abuorbed by mills ; water surface is 

fVom 3 to 12 inches per mile ; the river floods excessively, 
(c) The fall of the Bhangiruttee, between Rajmahal and the Mirsapore Creek of the 

Hoogly is 8.873 inches per mile— leng^ 190 miles. 

Fall of the Valley is 4.970 „ „ 129 „ 

The fall of the Nile, when high, is 68 feet from Cairo to the Mediterranean, or 
abont 6 to 6| inches per mile, with a velocity of 800 feet per minute occasionally. 
When the Nile is low, its fall is 8^ inches per mile, or a total of 42 feet between 
the above points, with a velocity of 110 feet per minute. Feet Wide. Feet Deep. 

The section of High Nile at Cairo is about 1100 x 40 

„ Low Nile „ 900 X 14 

The fall from Cairo to the Barrage, at High Nile, is 4 inches per mile. 
„ „ at Low Nile, 19 6 „ „ 

At the Damietta Mouth, High Nile raises the level two feet. 
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CIBCTJLAB AND EOGMSHAFED CTTLVERTS. 

Tables 4b & 4c. 

Table 4b &^^ ^^^ discharge and velocity for culverts from 8 feet to 
1 foot in diameter, as if half full and three-fourths full ; showing also (he 
area of water-way at such depths respectively. The data given are 
with inclinations from 2 to 7 feet per mile, which will embrace the usual 
practical range. It is computed by the formula as described for table 4, 
but it does not differ materially from the results obtained from table 5, 
although the method of computation is totally different. 

Table 4c gives the same information in every respect as table 4b, for 
oval culverts; the vertical and transverse dimensions are given in the first 
column; in table 4b will be found circular culverts of the same sec* 
tional areas while half full and three-fourths full, so that a comparison is 
afforded of the discharge of the circular and ovid form. 



PIPES TTNDEB PEESSTJBE-Table 5. 

This is a universal table*^ for the discharge of pipes and culverts from 
one inch to ten feet in diameters from one inch to ten feet; its mode of 
use is explained on the table, the constants merely require to be divided 
by the square root of the rate of fall to give the discharge in cubic feet 
per minute. 

2,356 Xt/d • 
The formula is 1 = discharge in cubic feet per minute. 

Where d := diameter of the pipe in feet, h := head in feet, and /:= the 
length in feet, and 2,356 is a constant. 

If the velocity in feet per minute is required for a given fall and dia- 
meter of pipe, divide the discharge (as found by the table) by the area of 
the pipe, expressed in square feet. 

ijfdie head is required for a given discharge, length, and diameter of 
pipe, divide the tabular number of the diameter by the discharge, and 
square the quotient; then divide the length by this number, and the result 
will be the head in feet. 

Example. — A pipe 2 feet in diameter and 5,000 feet in length, is re- 
quired to carry 300 cubic feet per minute, what shonld be the head ? 

Tabular number for 2 feet pipe = '|^ = 44*4; then 44-4« = 1,971.3 

and ^^^ = 2.54 feet, which ia the head required. 

If the diameter of pipe is required for a given head, length, and dis- 
charge, then *235 Vr — - ^ diameter in feet, /and h being as before, and 

q being the quantity discharged in cubic feet per second. 
This last is a tedious formula, and the table gives the same result for 

a vast range of discharges, by following the second rule thereon. 
Where culverts are not circular, take the diameter corresponding to a 

circle of the same sectional area, and the result will be very nearly correct. 

* The design of this table is due to Mr. James Leslie, G.E., Edinburgh, who has 
kindly permitted its use. The table is entitled ** Pipes Under Pressure, as par- 
ticularly adapted for such use; but it is also applicable to Culverts, &c., of course 
apportioning the amount filled, whether half or three-fourths, and having due 
reference to the slope not creating too high a velodty and over gorging. 
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PIPES TTITDEB PBESSTTKE.-Table 5a, 

Gives, by inspection, the discharge and velocity for pipes from 3 to 
60 inches in diameter, and at rates of fall from 5 to 35 feet per 
mile. The table is computed from the formula of table 5, and will be 
found useful for ready inspection, besides which the knowledge of com- 
parative results is highly desirable when designing works or computing 
their probable effect. 

In using these tables we must repeat a caution given elsewhere, that a 
due feed into a train of pipes, absence of inequality in slopes, of sudden 
bends, &c., are highly necessary to obtain a proper discharge. Under 
proper conditions we are inclined to believe that small pipes will be 
likely to give a less result than the tables, and large pipes a greater result. 

For pipes under pressure, 200 feet per minute is a very good working 
velocity, giving probably better proportional discharge than greater fall 
and consequent speed is likely to do; a velocity of 150 per minute will 
generally prevent deposit in pipes and sewers. 

The foregoing table will meet cases of pipes and culverts, under simple 
conditions ; but where bends {see friction of bends) and other complica- 
tions are introduced, calculation becomes extremely difficult. The 
following experiments and facts from practice, are inserted so as to 
throw light upon the loss of head in town supplies, and the effective 
value of pressure through long ranges of street main. 



EXPERIMENTS ON THE HEIGHT AND DISCHARGE OF JETS, 
By the Sonihwark Water Company, January, 1844. 



Pressure at Battersea 120 feet, and every service pipe or other outlet 
kept shut. Stand Pipes 2^ inches diameter. 



First Experiment^m Union Street, between High Street and Gravel 
Lane, Borough, through stand pipes, hose, and jets; there being six stand 
pipes, each 360 feet apart, connected to a 7-inch main 2,400 ft. in length, 
the head being carried on through a 9 „ „ 1,500 „ „ 
*i f> *2 „ „ 600 „ „ 

f» >f 15 »» f> 1,650 „ „ 

„ „ 20 „ „ 10,350 „ „ 



Making a total distance of. 16,500 feet from the 

— Head at Bat- 
tersea. 

Second Experiment — in Tooley Street, 9-inch main 4,200 ft. in length, 
liie head being carried on through a 15 „ „ 3,000 „ „ 
•> >f 20 „ „ 12,750 „ „ 

llaking a total distance of. 19,950 feet from the 

Head at Bat- 
tersea. 
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Standpipes 


Length of 


Diameter 


Height of 
Jet. 


Discharge 




used. 


Hose. 


of Jet. 


per Minute. 




Number. 


Feet. 


Inches. 


Feet 


Cubic Feet. 


.i 


I 


40 


i 


50 


'5-7 


i 


z 


40 


i 


45 


— 


i 


3 


40 


i 


40 


— 




4 


40 


I 


35 


— 


B* 


5 


40 


i 


30 


— 


pi 


6 


40 


i 


27 


— 


4* 


I 


80 


i 


— 


16.6 


.S 


1 


160 


4 


40 


16.0 




I 


40 


~ 


4Z.1 


i 


aa{] 


40 


& 


40 


i3»>7 


J 


40 


& 


3' 


10.90 




**{i 


40 


i 


34 


11.98 


B* 


40 


i 


23 


9.30 


lt 


1 


40 


i 


60 


17.15 


•d 


2 


40 


i 


60 


— 


§ 


4 


40 


& 


45 


14.90 


s 


6 


40 


i 


40 


13-80 



aa are throagh 600 feet of 5-inch main, but fitted on a 4-inch main 
close to the 5-inch main ; bb are through 600 feet of 5-inch main and 
600 feet of 4-inch main, both in addition to the 19,950 feet of main 
before described. 



KXPEBTMENTS ON THE HEIGHT ANB DI8CHAB0E OF JETS, 

By the Preston Water Ck>mpan7, Karch, 1844. 

From G'inck Main. Pressure llO feet. 

Height Discharge. 

With 1 jet. . }-in.. . 57 feet. . . . 12.5 cub, ft. per min. bj daj. 

1 „ . . „ 64 „ . . . . 14.4 „ by night. 

2 jets „ 56 „ . . . . 12.5 „ bj day. 
2 „ „ 62 „ . . . . 14.0 „ by night. 

From 6'inch Main. Pressure 46 feet 

Height. Discharge. 

With 1 jet. . }-in.. . 24 feet. ... 4.8 cub. ft. per min. by day. 

1 „ . . „ . . 28 „ . . . . 5.6 f, by night. 

2 jets „ . . 20 „ . . . . 4.5 „ by day. 
2 „ „ . . 25 „ . . . . 4.8 „ by night. 



n 



*f 



» 



*> 



» 



»» 



At Leeds, the author has seen jets thrown 60 to 70 feet high, and with 
great body and force, 40 to 50 feet high in the lower part of the town, 
where the pressure was 180 feet, and services in full draught. 

At the West Middlesex Water WorKS, from experiments by W. T. 
Clarke, Esq., the friction of the pipes was found to reduce the head of 
water between one-fourth and one-fifth. 

The Grand Junction Water Company's new eugine at Kew, works 
against 205 feet of head, while the gauge on the other side of the stand, 
(indicating the back pressure from London,) gives only 170 feet; showing 
a loss of 35 feet head, by the draught on the great 45-inch main. 

At New York the height of the water is 115 feet above high watery 



\ 
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105 feet above the lowest, and sixtj feet above the highest streets. The 
distance from the distributing reservoir is 4 miles, bj a direct 36 inch 
main. The city fountains throw from 60 to 70 feet high. At Harlaem 
River Valley, on the line of the aqueduct, a 12" pipe and 6" jet throws 
the water 110 feet high, with 180 feet pressure. 

At Philadelphia the surface of water in the reservoirs is 98 feet above 
high water; 55 feet above the highest, and 93 feet above the lowest points 
in the city. The distance from the reservoir to extreme point of mains 
and pipes (which are always charged), is 6 miles, by a main from 20" to 
22" diameter. The loss of head, by friction in the pipes, is about 25 
feet while the city is drawing. The mains are from 10 to 12 inches in the 
principal streets, and from 4 to 6 inches in the minor ones. 

The water will rise from a hose attached to a fire-plug in the streets 
at the extreme point of delivery, during the night, to the height of about 
45 to 50 feet; during the day, when the consumption of water is very 
great, the pressure is about 25 feet, as above stated. 

The following table is from experiments by Mariotte. The first 
and second columns give the relative height of jets and their head; the 
third column gives the discharge by an ajutage .53 inch diameter, and 
the fourth column contains the diameter which ought to be given to the 
service pipes for an ajutage of .53 inch, relatively to the altitudes in the 
second column. They are computed on the hypothesis that for an ajutage 
of .53 inch in diameter, and an altitude of 16 feet of water in the reser- 
voir, the conduit pipes must be 2.49 inches in diameter, and upon the 
principle that the squares of the diameters of the conduit tubes are as the 
squares of the diameters of the ajutages multiplied by the square roots 
of the altitude of water in the reservoir. These experiments are con- 
siderably at variance with those made in the foregoing tables, in South- 
wark, &c., especially while water is being drawn for other purposes; they 
were probably made under circumstances considerably difiering from the 
ordinary demands of practice. 



iL 







Difl.permin. 


Diam. of sei> 


Height of 


Height of 


from ajutage 


vices suited to 


Jet 


Reservoir. 


.63-inch 


preceding 






diameter. 


column. 


Feet. 


Feet. 


Cubic Feet. 


Inches. 


5-3i 


5-41 


0.89 


1.87 


10.68 


11.00 


1.25 


2.31 


15-97 


16.77 


^'SS 


2-49 


21.30 


22.71 


1.80 


2.76 


26.62 


28.84 


2.03 


2.93 


31-95 


35-H 


2.25 


3.02 


37.27 


41.62 


2.44 


3.20 


42.60 


48.27 


2.64 


3.29 


47.92 


SS'"^"^ 


2.80 


3-38 


53-25 


62.12 


3.00 


3.47 


58-57 


69.31 


3->7 


3.56 


63.90 


76.68 


3.33 


3-65 


69.22 


84.22 


3-47 


3-74 


74-55 


91.94 


3-^4 


3-83 


79.87 


99.84 


3.78 


3.91 


85.20 


107.91 


3-94 


4.00 


90.52 


116.17 


4.08 


4.09 


95.85 


1 24 . 60 


4.22 


4.18 


101.17 


133-21 


4-39 


4-27 


106.50 


141.99 


4 53 


4-36 
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FIRE ENGIirE POWER. 

The best form of London engine has two cylinders of 7 inches dia- 
meter and 8 inches stroke, working levers being 4^ to 1 ; weight 17^ cwt. 
-^ 4 cwt. for hose and tools, which is quite as heavy as two fast horses can 
manage, for a distance under 6 miles, with five firemen and a driver. 

The rule for determining the size of the jet, is to make its diameter 
one-eighth of an inch for every inch diameter of the cylinder for each 8 
inches of stroke. When it is necessary to throw the water to an unusual 
height or distance, a jet one-seventh less in area is used, with a branch 
about 5 feet long. 

The usual rate of working an engine this size is 40 strokes of each 
cylinder per minute, the engine throwing 14.12 cubic feet per minute, or, 
addhig one -third for waste, 6,777 cubic feet required for 6 hours; this 
multiplied by the number of engines used, will give an idea of the quan* 
tity of water required at a fire. When the houses of Parliament were 
burnt down, 522,720 cubic feet of water was supplied, and 23 jets were 
playing at one time. 

With 40 feet of leather hose, and a l-inch jet, the pressure is 30 Ihs, on 
the square inch ::= 68 feet head of water; this gives 10.4 lbs. to each man 
to move a distance of 226 feet in one minute. The friction for every addi- 
tional 40 feet of hose increases the labour 2^ per cent. ; hence the neces- 
sity of having the engine, and of course the supply of water, close to the 
fire.— (Braidwood, &c. Min. Inst. Civ. Engrs.) 



PBICTIOir OF BEirDS.-Table 6. 



Description of the Table. 

This table is computed on the formula h = v'X sine' X n X .0003, where 
V is the velocity of water in a pipe or stream, expressed in inches per 
second; or in words; multiply the square of v by the sum of the 
squares of the sine of the angle of bends (of which the resistance is to be 
estimated) and the product by the constant .0003; the result expresses 
the resistance h ^ the head in inches necessary to overcome the angular 
friction, which varies as the square of the velocity and of the sine of the 
angle of bend with the straight lino of direction. When the angle is re- 
versed, or more than 90**, the square of the sine of the complementary 
angle -f- 1 must be used. The rule was adopted by Eobison, from French 
experiments made upon pipes of small diameter, and he shows its appli- 
cability to rivers, giving an opinion that the measure of resistance is too 
great, as ^* in a pipe the diameter is uniform, whereas in a properly formed 
river, the capacity of section should be increased." This, theoretically, is 
true; but, practically, it is certain that both in natural and artificial 
rivers, the efffect of bends is invariably to render the bed more or less 
uneven. Under all the considerations, we may, therefore, come safely to 
the conclusion that the friction of bends, even where a drain is kept in 
good order, is at least as high as the amount given in the table. 

The velocity for computation is of course that theoretically due to the 
fall, and the loss by bends must be deducted from the head, the discharge 
being again calculated from the reduced slope. The loss of head, how- 
ever, manifestly varies not only according to the size of the angle, but also 
to the volume to be carried. Applying the principles adopted in the 
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former tables, the yariable term of resistance will be best expressed by 
the square root of the hydraulic mean depth in feet, and the loss of head 
should be divided bj this quantity to give the final resistance. By this 
form of the equation, when the hydraulic mean depth falls below unity, 
the tabular numbers are increased as the square of such depth. With 
pipes, this quantity being one-fourth of the diameter, the increase of 

1 Ml u V* X sine* X n X .0003 rr^w ^-^ *• 
resistance h will be := — ^ — — This modification m 

the formula is new, and the whole computation is highly theoretical; but 
it sufficiently agrees with experiments and with observation to be worthy 
of note. The principle of the correction is well founded where bends are 
uniform; but when they are made at sharp angles, the experiments of Mr. 
Bennie clearly show that they are out of the reach of calculation. 

Taking the second example at the head of the table, and applying it 
to a drain having 6 feet depth, 18 feet bottom, and 2 to 1 slopes, we 
find by table 4, tlmt with a velocity of 110 feet per minute, such a cut will 
discharge 19.803 cubic feet per minute, and require six inches per mile 
of fall; we have then, for the bends specified, to make a reduction (in 
round numbers) of one inch fall per mile, if they occur in that length; 
but this quantity will have to be divided by 2, which is the square root of 
the hydraulic mean depth of the drain in question. Therefore to deliver 
the same quantity of water, the drain must have 6.5 inches fall in the 
mile; or, vice vena, if the fall is limited, the effective slope will be reduced 
to 5.5 inches per mile, and the discharge to 18,915 cubic feet per minute, 
with a mean velocity of 105 feet per minute, instead of 110 feet, as 
originally assumed. 

Bends in the vertical plane are subject to disturbance of the discharge 
from two other causes, which will interfere far more than the dynamical 
effect of change of direction. The first is the great tendency to collection 
of air at the summit of vertical bends; this evil can only be treated 
mechanically, by air valves, which will free themselves, or can be opened 
at the pleasure of the water officer. The second defect in vertical bends 
is when from local circumstances they occur on a pipe at any given dis- 
tance B, from the fountain head a; this point not being sufficiently high 
above b to pass the full quantity of water which could otherwise pass on 
to a lower point c; under these conditions it will be impossible for the 
pipe to discharge at c the amount due to its diameter, and to the total fall 
from A to c; and neither can the fall be fully available from b to c, 
because there will not be sufficient feed at b. This obviously shews 
that under these circumstances the pipe a b must be larger than 
b c; neglect of such a precaution has frequently produced serious disap- 
pointments; excellent provisions against the evils above stated were made 
by Mr. Jardine of Edinburgh, in the great main, ten miles in length, 
which he constructed twenty-seven years since; the upper three miles 
being flat, is 21 inches in diameter, but the lower portion is only 15 inches 
diameter; the actuiU discharge at Edinburgh is not greater than would be 
given by a pipe only the smaller diameter, with a uniform fall for the 
entire dintance. This main was one of the earliest works in iron on so 
great a scale, and the whole arrangement is a model of its kind; at the 
present price of iron, such a work would not cost more than one-third of 
the amount then disbursed, but the value of this kind of construction may 
be judged from the fact that this main has not cost anything what- 
soever in repairs, and has never ceased delivering water from the day 
it was finished up to this date. 

Other causes will arise to lessen discharge, unless due precautions are 
taken in the form of inlet and outlet of pipes; which will evidently 
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affect the final delivery. The preceding rules and tables will meet all 
ordinary cases of practice, if the work is well laid ont, and care is taken 
to avoid sharp angles and vertical bends, rising near to the level of the 
original head. If the form ot nozzles or sluices starting from a reservoir 
is bad, the calculated discharge will be diminished in Etelwein's propor- 
tion of 8 to 6 or 5, however much labour or money be spent on the 
general line of works. 

River Bends are especially liable to banks or shoals, always occurring 
where an alteration of velocity is suddenly caused; these shoals act as 
weirs, in point of fact, forming separate steps in the surface fall, and thus 
rendering a great aggregate slope of less value than a very small slope, 
with uniform bed. The effect therefore of bends, and want of uniformity, 
is of the ■ highest inconvenience in rivers (like the Severn, below 
Gloucester, for instance) where there is a great fluctuation in the quantity 
of water, and a shifting material in the bed of which it is composed. 
The uneven bed of a river is very analogous to the defect from bends in 
the vertical plane, in the case of pipes. 



FEICTION OF BBIDOES AND PIPES -Tables 6a. 

The first table is explained thereon, as giving an approximate idea 
of the rise of water caused by bridges, weirs, &c., at varying velocities ; 
taking the proportions of obstruction from one-tenth to six-tenths of the 
whole section ot river. 

The second table is that used by Smeaton, giving the head required 
to drive water at various velocities tnrough 100 feet lineal of pipes; on a 
small scale the table is useful; but our tables 5 and 5a will give a greater 
range of results, and agree more with the modem practice of laying 
mains, and their sizes and material. 



VALUE OP WATER POWER -Table 7. 

This table gives the nominal value in horse power for one foot of fall of 
streams, discharging from 5 to 10,000 cubic feet per minute; t. e., the 
weight in pounds of the given number of cubic feet, per minute, divided 
by the constant 33,000. The effective value of the ordinary applications 
of water is given according to the best authorities. In estimating the 
value of a given quantity and fall of water, the mode of application and 
therefore the commercial effect, will vary considerably; for in low falls 
under-shot or breast*wheels must be used, which are far more wasteful of 
water than over-shot wheels (in proportion to the power developed), 
especially when liable to be loaded with tail-water. The column headed 
* Turbine " is computed at 75 per cent, of the nominal power or actual 
weight of water consumed. The "turbine," and some very perfectly 
constructed overshot wheels are said to do this amount of duty. 
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The followwo iablg of Wal^r-Wheels, aa constrlieted hy Mr. 
Fitirbulrn. of Maocticster, will ntTi)ril a useful pritcticnl examplu of (be 
besl appliL-uLiou!! of Water Power. (JuDiicsoii'B Praclical Meclianic.) 
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TuE POLLOWINO TABLE IS Compiled from a. tract bj WchIp, of ejtperi- 
meHts by llii; !alD Mr. Rtnnie, mndo about sixty jears since. It was 
kiniily put into the author's hanils by George Kcnnie, Esq., F.Il.S., [he 
author of well-known works on hydrauHcs, which have been liighly uscfal 
in compiling this treatise. Tbe priiiL-ipnl value is to aliuw the iu:tual water 
Ui«ed by the variously-eonatractcd wheels, as the water used appears to 
have been taken wicb great coio. 
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VAIVE OF STEAH POWEB.-Table 8, 

Is taken from Weale's edition of TredgoUL, and contains a usefal rewmi 
of the requirements of a steam engine; as applied in the best way, more 
economical results are now exhibited in the power developed for the coal 
consumed. The table is in fact the old Boulton and Watt standard, 
and only to be used as such when comparison with other forms of 
nominal horse power are required. 

In Manchester, steam power for manufacturing purposes is charged at 
£25 to £30 per horse power per annum, including the rental of the room. 
About twelve looms are considered equal to a horse power; and, for 
ordinary weaving 45 to 50 shillings per loom is charged, including suffi- 
cient room for receiving goods and making them ready for market. 

For drainage and town supplies, the Cornish engine, working with 
high steam, great expansion and slow combustion, is highly economical; 
70,000,000 lbs. raised 1 foot hieh with a bushel of coals, or 94 lbs., is an 
effect that can be obtained for long periods with very trifling repairs or 
stoppages. The dut^ of these engines, where employed in pumping 
water in the metropolis, is, for a 90-inch cylinder, about 500 cubic feet 
per minute, against 150 feet head, burning fivo cwt. of coals per hour. 
See also page 36, for cost of pumping at Liverpool 

At the West Middlesex works, two 70-horse engines drive 390 cubic 
feet per minute into Kensington Reservoir, against 122 feet of head. 

The table is headed with the quantity of water required for feed and 
condensation, per horse power, of condensing steam-engines ; the actual 
quantity of water used will of course depend upon the area of cooling 
pond. 



PBESSXTBE OF HERCTJST & WATES-Table 9, 
WEIGHT & STRENGTH OF PIFES-Table 10, 

Are sufficiently explained therein : in the latter table is given the safe 
head of water which can be borne by pipes of the several dimensions. 
It will be seen, that in smaller pipes the limit of thinness of metal is not 
strength, but the practicability of making a good casting, and its after 
durability. In large pipes, strength of metal should be thrown into the 
ends, especially the upper or socket end. 



FLOOD DISCHABGES-Table U, 

Gives the quantity of water, in cubic feet per minute, which would run 
off the ground, assuming that the several depths of rain, specified at the 
head of each column, were to be discharged in twenty-four hours. The 
first table contains the quantities necessary to be provided for 1 to 100 
acres, in farm drainage and in sewage of towns, where, under favourable 
drcumstances, rain will occasionally discharge an enormous amount over 
small areas. For instance, during the thunder-storm of August 1, 1846, 
there fell over a great part of London from three to four inches of rain 
in a much less time than three hours ; nearly the whole of this must have 
foond its way at once into the sewers. 
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The second table contains the discbarge for 1 to 10 square miles, from 
one thirty-second of an inch up to 1 inch of rain in twenty-four hours. 
In the numerous cases where an engineer is called upon to discuss the 
amount of water that he may expect over a given area, either for the 
purposes of town supplies, for estimating the scouring effect of floods, or 
for ascertaining the size required for new drains, or improvement of river- 
channels, this table will give a key to the problem to be solved, if used 
with a due experience of the observed quantities which districts have been 
known to produce, as compared with the amount collected in rain gauges. 
It is, unfortunately, not in our power to collect many of these data, well- 
founded enough to ground a perfect theory, or embracing considerations 
sufficient for generalization ; the application of examples must also be 
taken with due caution, because the quantity running away will vary 
according to the general slope of the country, and the geological nature 
of the rocks of which it is composed. Years of the same actual depth of 
rain in the gauge likewise vary in their stream-producing powers ; one 
season is hot and dr}', with heavy thunder showers ; another is moist, 
with rain coming down frequently in small falls, supplying more for 
evaporation and less for streams. 

ESTIMATE OF FLOODS. 

In a paper by Mr. Mulvany, one of the Irish Commissioners of Drainage, 
are the following facts as to floods in the Shannon, which we have pat 
into form, shewing the fractions of an inch of rain, distributed over very 
large drainage areas : — 

Longh Allen is a reservoir of . . . 8,852 acres. 

Drainage area being 146 square miles. 

Floods rise frequently 3 ins. in 24 hours = .284 inches rain over the whole surfitce. 
Less frequently 4 „ „ = .379 „ „ 

And sometimes 6 „ „ = .568 „ „ 

Longh Derg, above Killaloe, is 30,313 acres. 

Drainage area of Shannon, above Killaloe, being 3,611 sq. miles. 
„ „ of the immediate basin of L. Derg 960 „ 

This Lough, before the improvements of the Shannon, 

Rose frequently 3 ins. in 24 hours = .148 inches rain over the whole surface. 

Less frequently 4 „ „ = .190 „ „ 

About once in each year 6 „ ,. = .29G „ „ 

17th November, 1840 12 „inles8than24hrs= .600 „ ,. 

The register of the rise of this flood in Lough Derg, is as follows : — 

Gauge, ft. in. 
1840, November 13th, to 9 8 

to the 16th, when rain began 9 9 

17th, 10 9 

18th, 11 1 

19th, 11 3 

20th, 11 4 

21st, 11 4 

22nd, 11 8 

23rd, 11 9 

By Captain Beechey's Admiralty survey, of 1849, it appeared that, 
on the 4th December, the Severn rose 4.60 feet at Newnham, and 7.32 
feet at Diglis ; the particulars of this flood, compared with summer low 
water, are given in the pages devoted to the " Tides of the Severn." 
The discharge of this flood below Gloucester was at the rate of 751,245 
cubic feet per minute, or 193.12 cubic feet per minute per square mile, 
being 00.99 feet or ^ of an inch nearly run off the surface in 24 hours, 
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on the drainage area of 3.890 square miles. The sommer ran of this 
river, from Captain Beechey*8 observations, is given at page 33, at 33,111 
cabic feet per minute, or 8.49 cubic feet per minute per square mile. 

In flat districts, of England, without any very -high ground, we have 
an experiment, made between the 2 1st and 23rd of May, 1849, on the 
River Nenc, ut Higham Fcrrars. This place is interiuediate between 
the water-shed and Pctcrborougli, being distant about tweuty-five miles 
from the water-shed all round the west and north sides. 

The drainage area above Higham Bridge is 383 square miles. On the 
20th of May about one inch of steady continuous rain fell, raising the 
stream from its ordinary run of about 5,000 cubic feet per minute, to a 
quantity averaging about 32,000 cubic feet per minute, lasting from the 
evening of the 20i,h to that of the 23rd, when the river, in the course of 
a very short time, relapsed into its usual stittc. Dividing this quantity 
over the drainage areti, we shall find that there flowed oti* the ground 
about .156 or just three sixteenths of an inch^thus the proportion Sowing 
off the ground was about one-sixth of the rain-fall ; in this example it 
must be recollected that the weather was beginning to be warm, and the 
flooding of meadows along the valley would have ubsorl)ed at least three 
inches in depth, which would represent about 1-I6th of an inch more 
of rain having come down into the valley. The floods on the Neue have 
frequently twice, and sometimes three or four times, this volume. 
. August dth, 1846, a storm, giving 1.88 inches in the gau^e at Glencorse 
produced for four hours a run of 24,180 cubic feet per minute; this 
amount from 3,820 acres, would be equal to .437 or nearly 7-16thsof an 
inch of rain on the surface in this short time ; probably more than this 
oame down, as the reservoir had to be flUed before the flood passed over 
the weir used for ganging ; this is an indication of the violence of the 
celebrated Lammas flood of this date, which washed down several of the 
bridges on the North British Railway, then recently opened. 
. >G. Bateman records an experiment near Bolton, where on a drainage 
area of 5,400 acres, 5 inches was measured in the rain guage, having 
fallen during eight consecutive days previous to the 10th of June (the end 
of May having been very wet) ; the flow of water had passed off entirely 
by the 12th of the month, wben a quantity of water was found to have 
fallen=s4.625 inches over the drainage area. This flood is exceeded fre- 
quently by twice and three times the volume. 

In table 15a we have given, from the Report on supply of water to 
Manchester, by S. C. Homershain, Esq., C.E., an average of the heavy 
rain of .4 inch and upwards in each twenty-four hours, from observations 
at Manchester and in the range of hills between that place and Sheflield ; 
it appears that these falls are from 40 to 50 per cent, of the total rain- 
guage retuiTis. He records the following facts : — " At Waterhouse Lock 
on the Macclesfield Canal, on the night of the 8th May, 1847, a depth of 
two inches of rain fell daring twelve hours ; and, in the same time, 1*8 
inches fell at Coomb's reservoir. Dr. Dalton remarks, that on the 22nd 
April, 1792, at Kendal, 4.592 inches of rain fell in twenty-four hours. 
It is not an uncommon circumstance for *3 inch of rain to fall in hilly 
districts, in one hour ; this quantity was registered at Coomb's reservoir 
on the 5th April, 1847. In 1844, out of 33 inches which fell at Chapel- 
en-le-Frith, one half was registered in the short space of thirty days." 

In our own notes we find that the heaviest day's rain in each year coin- 
cide at Glencorse and Gilmourton, although they are fifty miles apart on 
the East and West side of Scotland respectively ; comparing other heavy 
days of rain at these places, we have the following examples to shew, (if 
proof be needed) that heavy falls of rain extend very uniformly over 
wide districts. 
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Inches of Hain in 1846— Augast. 1846— Aagost. 1847— I>ecem1)er. 

Chiswick yo — 18&19 .. 1.28— 4&5 .. .34 — 18 

Boston 86 — 19&20 .. .83 — 4&5 .. .94— 18&19 

Newcastle 1.53 — 19&20 .. Not known .. 1.70— 18 

Applegarth, Dumfries. . None. .. (.00 — 8 .. 1.37 — 16 

Gilmourton 50 — 21&22 .. 2.10 — 7&8 .. .59 — 18 

Glencorse 2.18 — i9&2o .. 2.72 — 7&8 .. 1.21 — 18&19 

Orkney, Sandwich 38 — 1 9&20 . . x .07-9 , 10, &;i x Not known. 



FLOODS OF SMALL DISTBICTS. 

Mr. Glynn considers that for draining fen districts more than ten horses 
power per 1,000 acres is seldom reqaired, the water being lifted about 
ten feet. Two inches per month is about the maximum rain-fall requiring 
to be discharged ; assuming this quantity to be thrown at a rate of 500 
cubic feet per minute, a ten-horse engine will perform the duty in about 
232 hours. — ( Paper on Steam Drairuige of the Peru, ) 

Mr. Roe states that he measured and drained off to one outlet 82 acres 
of meadow land, and made observations on the flow for six months ; the 
greatest amount found to reach the drain from a fall of half an inch of 
rain in the hour, was three cubic feet per minute per acre at the period of 
greatest flow, which was generally from three-quarters to one hour after 
the heaviest rain. — {Evidence.) 

Mr. Phillips thinks that sewers should be made large enough to carry 
one inch of rain per hour, t.e, 60 cubic feet per minute per acre ; this is 
the calculated quantity which ran in some London sewers in the thunder- 
storm of August 1st, 1846. — (^Evidence.) 

The flood levels given in this gentleman*8 evidence, generally indicate 
a discharge from thunder-storms of 25 to 35 cubic feet per minute from 
each acre of urban drainage; this is equal to 1.66 and 2.33 inches of rain 
in 4 hours. 



DIVISION OF FLOOD WATERS FROM OBDINABY DISCHABOE. 

While upon the subject of floods it will be interesting to quote the suh- 
stance of a paper by James Leslie, Esq., of Edinburgh, Civil Engi- 
neer, read before the Institution of Civil Engineers in April, 1851, as 
follows : — 

It is frequently a problem to ascertain by guaging the average flow of 
& stream during a part of the year, exclusive of flood- waters; it being 
difficult to assign any fixed time when a stream is and when it is not in 
a proper state for guaging, as it would require a knowledge of the very 
fact which it is wished to ascertain ; moreover, persons must be found 
frequently to guage for many months together, without discretion as to 
what should be excluded, and sometimes stated intervals are named in 
an Act of Parliament. Mr. Leslie therefore proposes the following 
method : — 

First, — The guagings are all to be set down in a table, in the order of 
their quantities — the whole number of observations is to be divided into 
four equal parts, whereof the lowest fourth will be held to be extreme 
droughts; and the highest floods ; the average of the middle half is to be 
ascertained, and all above that quantity of the original table is held to be 
flood water. 

A new table is then to be constructed, in which all the guagings not 
exceeding the average of the middle half are put down at their actual 
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quantity ; but all that are above the ayerage are pat down as equal to 

that average quantity ; the mean of the whole of the new table is to be 

considered as a fair average of the water flowing in the stream, exclusive 

of floods. Mr. Leslie gives a table of a stream thus treatud, which varied 

in its run from 1,902 to 59,861 cubic feet per minute. Average of the 

whole was 10,231 cubic feet per minute ; the average of the middle half 

was 7,234 cubic feet per minute ; and the average quantity, exclusive of 

floods, was 5,830 cubic feet per minute. 

Mr. Leslie also suggests that his plan might be used by dividing the 

guagings into only three equal parts, which gives a rather smaller 

result^ but makes no important difference ; the above stream treated in 

this manner gives the average of the middle third 7,085 cubic feet per 

minute ; and the quantity, exclusive of flood water, 5,758 cubic feet per 

minute. An example is also given of a small stream varying from .27 to 

272.4 cubic feet per minute. 

Cubic feet 
per minute. 

The entire average was 35.50 

Average of middle half 18.51 

„ „ third 17.90 

Final average, excluding floods by middle half plan 13.65 

„ „ „ by middle third plan 13.40 



FLOW FROH LABGE DISTEICTS.-Table 12. 



Estimate of Annual Discharge in relation to Rainfall. 

The Rain Guage is a most useful instrument in the hands of an engineer, 
if used with due experience of the effects which its records are known to 
produce in similar districts *, although the results may be occasionally not 
altogether synchronous, yet on examining the broad facts we shall not 
find anything at variance with the general laws which goyern the collec- 
tion of vapours and their deposit in rain. Districts may greatly vary in 
their general slope and geological character ; graiiwacke, granite, and the 
volcanic districts generally throw water in great rapidity, and are equally 
liable to great drought in summer time, unless they are capped by moss 
beds, which act as sponges not always the most pure ; some of the newer 
rocks, on the other hand, such as the old and new red sandstones, have 
great power of storing water ; the latter rocks from their flatness, generally 
holding it as indicated by the wells, which are always plentiful in this 
formation ; the former, on the other hand, generally give out the purest 
spring water when occurring on mountain slopes, rising above the plains 
occupied by our numerous coal fields. 

In the chalk districts this porous material absorbs a great portion of the 
rain that it receives, collecting it in great underground sheets represented 
by the numerously- interlaid flint beds, and pouring out almost rivers at 
places that have no indication of a feeder ; so strongly is this marked, that 
the chalk districts may be sdways identified upon the Ordnance maps by 
the absence of streamlets on its surface, a characteristic likewise of some 
of the mountain limestones and oolites. 

In this latter formation we lately had occasion to examine springs 
which, although most copious, could be scarcely recognised to have any 
area of drainage beyond them ; the rock, having a very flat underlie, was 
fetching water far away from the outcrop, and pouring it out at a point 
not 40 feet below the summit level of the hills whence it proceeded. 



These I'nstnnces Rre familiar to all wllo hare stndicd the water bearing 
properties or the hills of Great Britain ; wateiiingthepn^euof agricu1> 
tnre and drainage, we Gad the hill pastures scored in all direecinna wid) 
■heep drains, while in agricullarBl dislricu ihoroDgh draining ateadil; 
advnnces ; all these operations are rapidly eomribating to ponr out flood* 
on the direllers in the plains, tbo inhabitants of the rich levels at the 
month, or on the tower coarse of onr rivers, who, hj this simple bat in- 
controvertible order of events, flnil themsetTcs forced into improTement, 
which the natural resources of their soil had too lone delayed. Frequentlj 
in this state ofaHairs, the tnnreb of improvement hof commenced in the 
harbour at the mouCb, and tiiUl volnme is sent up vastly higher and sooner 
than known heforc ; dredging machines are set to work, and bold .picra 
or long river walls are constnicted ; and although the landowner may 
find his outfall better, he aJso discovers that a concarrcnt high tide and 
upland flood has tofiped the wiills and rohhed bis meadows of their 
burthen, or swept down his ripening com. 

In the pstimatE of floods, at pages 26-9, we have endeavoured t" skoteh 
out a few examples, with which the engineer shonld expect to deal, in 
construnting outfalls, or improving lowland rivers. Jn the following 
tabic wu give a few examples of nctual discharge from considerahle dia- 
trictc, where the total flow of water has been gungcd for the whole yenr 
round. The Bxnn Hcservoirs, and some of those near Manchester, are 
from Mr. Bateman's paper ia the Pkihtophical Memairt of that town. 



TABLE OF AtnilAL DISCHASOE FSOM LASOE DISTBICIS, 

with the amount given per square mile, the amount of water run off 
depth over the surface, and the storage in reservoirs where exiHiii]g 
intended. 
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In 1846-7 the author conducted an experiment hy accuratelj gauging 
for four months the water, flowing from 3,800 acres, into the Glencorse 
Reservoir, in the Pentland Hills, belonging to the Edinburgh Water 
Company, as follows : — 

Cnbic Feet. Inches. 

1846, December. — Supply into Reservoir. . 19,7 62. 000= fall of rain 1.43 
„ „ .. .. .. .. Registered ditto 1.02 

1847, January. — Supply into Reservoir . . 14,524,200= fall of rain 1.05 
„ . . . . . . . . Registered ditto .750 

. 18,637,lOO=fall of rain 1.34 

Registered ditto 1.56 

. 9,662,520=fall of rain .69 

., „ .. .. .. ... Registered ditto 1.02 

The total rain passing into the Reservoir being . . . . . . 4.53 

Ditto registered in rain gauges at level of Reservoir being . . 4.35 
», „ „ on the Hills being .. ..4.71 

Again, in the Bonally district adjoining, but about 500 feet higher than 
Glencorse, we found the mean run of the streams to be 112 cubic feet per 
minute, or equal to a fall of rain over 879 acres of 4.55 inches, the 
registered fall being as before 4.71 inches. 
As a contrast to the foregoing table, we now offer a second : — 
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February. — Supply into Reservoir 

99 • • • • • • 

March. — Supply into Reservoir 



TABLE OF OBDINABY SXTMHEB DI8CHABGE 

of various rivers, streams, and springs as uninfluenced by any immediate 
rain ; with the drainage area, and amount run ofl" the surface represented 
in depth of rain. 



RIVERS. 



Thames at Staines— chalk, g^een- 
sand. Oxford clay, oolites, &c.... 

Severn at Stonebench— Silurian. . 

Trent at its mouth— oolites and 
Oxford clay 

Loddon (Feb., I860)— greensand 

Nene, at Peterborough — oolites, 
Oxford clay, and lias 

Mimram, at Panshanger- chalk... 

Lee at Lee Bridge — chalk 
(Rennie, April, 1796) 

Wandle, below Carshalton— chalk 

Medway, driest seasons (Rennie, 
1787>-clay 

Ditto, ordinary Summer run 
(Rennie, 1787) 

Verulam, at Bushey Hall— chalk 

Gade, at Hunton Bridge — chalk... 

Plym, at Sheepstor— granite ... 

Woodhcad Tunnel — millstone grit 

Glencorse Burn («) 

Crawley Spring — felspar and por- 
phyry — Summer (e) 
Winter (e) 

Blacksprings — ^felspar— Sum. («) 
„ M Winter (c) 

Bavelaw —sandstone — Summer(0) 

Ck)lzinm „ „ («) 



Height 
above Sea. 

VaUey. Hill. 



ft. 



ft. 



40 to 700 
400 to £,600 

100 to 600 
110 to 700 

10 to6cx> 
xooto 500 

30 to 600 
70 to 350 



150 to 500 
150 to 5cx> 

800 to 1,500 
1,000 

750 to 1,600 

556 to 1,600 

1,000 to 1,600 

900 to 1,600 

l» »» 



SP, 






9 

0.4 



sqre. cubic ft. 
miles, pr.min 
3,086 40,000 

3.900 I 33.1" 



^r^i^in" inches 
pr.min. 



3.9*1 
221.8 

6zo.o 
29.2 

570.0 
41.0 



3.000 

5,000 
1,500 

8,880 
1,800 



481.5 2,209 



481.5 

120.8 

69.5 

7.6 

• •• 

6.0 

.6 
.6 
.1 
.1 
T.42 
4.20 



2,520 

1,800 

2,500 

500 

'39 
130 

54 
77 
30 
40 
120 
"3 









5S. '&f 
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SAC 






** 

'& 



pi 



o 
H 



12.98 
8-49 



13.53 

8.45 
5M 

15.58 
43-9 

4-59 

5*3 
1^ 
36.2 

7'-4 

• • 

21.6 

90.0 

128.3 

300.0 

400X) 

84.5 

29.9 



2.93 
1.98 



3.01 

1.88 
11.58 

3-53 
9.93 

1.04 

2.19 

8.19 
15.10 

• • 

4.9 

20.2 
29.0 
70.0 
92.0 
19.0 
6.87 



p. 



inches 
24.5 

»5.4 

23.1 
26.6 

24.0 



45.0 
46x> 

37-4 



(«) 
(c) 
(c) 
(0 



k 
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The examples here given have generally been corroborated by our own 
observations; the rain at the places marked (c) has not been kept, bat that 
at Glencorse represents the rain for the lowest point of the district ; the 
rain on the hills is much higher. 

The Blacksprings indicate a drainage from a district far beyond the 
water shed ; they occur at a protrusion of basalt; these springs and others 
marked (e) are from gangings made at different periods, under the pro- 
visions of Acts of Parliament, for the protection of parties having water 
privileges. 

The Wandlc, Yerulam, and Gade, all flowing out of the chalk towards 
the metropolis, are from Mr. Telford's gaugings made in 1833, a period 
which he terms ** the driest season known for the last half-century ;" bat 
there is reason to believe that this was not the time of the minimum 
discharge. 

The table gives the run of the several streams per square mile of drain* 
age area, which is an excellent measure of their productiveness, and we 
have likewise reduced the amount (as supposed to run uniformly during 
the year, irrespective of floods) into the quantity distributed over the 
drainage area, as fed by rain ; for example, the summer run of the Thames 
is equal to 12.98 cubic feet per minute for each square mile, and repre- 
sents 2.93 inches of rain falling over its drainage area, while the summer 
run of the Mimram is 51.4 cubic feet per minute for each square mile, 
representing 11.58 inches of rain. 

DISCHARGE OF SEWERS. 

By gaugings of various Westminster Sewers, made in the summer of 
1845, Mr. Hawkins reported that the mean summer discharge of the 
Westminster district, urban and suburban, was .277 of a cubic foot per 
minute per acre; the urban only was .876 of a cubic foot per minute per 
acre. 

General Remarks. 

In generalizing on the discharge of districts in ordinary and flood time, 
the observer will be well aware, that there are seasons of drought when 
the most certain streams are seriously affected in their water-bearing pro- 
perties ; the table exhibits the very high power of the Pentland HiUis, yet 
we have it on record that almost the whole of these sources were dried up 
in the summer of 1843 ; there appear to be, indeed, rare occasions when 
hill- country sufiers more from drought than lower districts — the lake 
district of Cumberland was similarly affected at about the same time. 

In hotter countries these facts are proverbial; in the great tertiary 
plains of central Spain, which are 1,200 feet and upwards above the sea, 
large rivers shrink into dry gravel beds, while at the same time the sea- 
ward face of the mountains which fringe the Bay of Biscay, are clothed 
with verdure caused by perpetual rains ; this grand escarpment is broken 
up into the wildest and most precipitous glens, where the vapours rolling 
from the sea are caught and poured down with astonishing rapidity ana 
volume. The character of this great condensation, as it were, is so 
marked that severe droughts are experienced on the inland side of the 
escarpment (6,000 to 7,000 above the sea) while within a very few miles 
rains are daily pouring down. These effects occur in a similar manner 
along the escarpment of the Bombay peninsula, where the rainfall is from 
80 to 150 inches in the year, while it gradually recedes to 10 or 15 inches 
in the Deccan or dry country ; the same is to be traced on the coast of 
Arracan, and in California on the West Coast of America. The rainfall 
of the Western Highlands is remarkable, likewise that of the Lake dis- 
trict, as shewn by Mr. Millar, of Whitehaven, in his papers published by 
the RoytU Society, whence we have drawn for Table 15. 



SUPPLY OF WELLB. 

We aro natnrally led into this Bohjoct when ireatine of the quanllly of 
wiLtGr falling o>6r the surface of the grounil, for it is evident that the 
supplj ofwetls depends upon the freedom with which rocka will permit 
the jiossage of wuter, and on the absence of free illseharge at esctirpnieats 
OF lower valleja to wliich the strata may dip. Faults Diust of necessity 
drain away the water duo to the strata which they intercept, the extent 
depending upon thu nataro of such fiiului anJ the free character of iha 
rocks ; B« faults are generally numerooB, it is evident that the supply 
of wells must vitry, occoniing Ui the accident of position and depth ; but 
this rule is not without exception, for there are manj districU whi^re, 
with pervious beds laying in great depth on impervious rocks, water is 
always to be found at Che point where it would niturolly be deposited by 
gravity. 

Mr. John Dickinson has kepi for many years, at King's Langley, an 
ordinary rain gauge, united with one oC Dalton's plan, arranged so ns to 
catch the rain pausing diiwn three feet below the surface through the 
natural soil, which has been filled in after the placinK of the ganf^e in its 
position. The fullowing tabb^s, extracted from Mr. Josiafa I'arkcs's 
Essays, exhibit the mean of eight ye^rs of the rain caujfht In the ordinary 
rain-gauge, with the amonnt pushing thrcugh tlireu feet of soil, and its 
proportion of the whole ; the comparisons are highly useful, and if done 
on a more extendcid scale, tliey would be valuable additions to science. 
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The mean of each month for the above eight years, ie 
Rsln, FillratKin, 

January 1.84 .. 1.30 

Fehruaty i . jj . . 1.5+ , . 

March 1.61 .. 1.08 . 

-April 1.4s .. .JO . 

Juno 2.11 .04 . 

July i.iS .04 . 

August 1.4* .03 . 

September 1.64 ,. .37 

October i.ii .. 1.40 .. 

November j , 8j . . 3.16 

December 1 . 64 . . 1 . So . . 

Mr. Farkes remarks, that on the 7th and 8th NoTom 
tell ; and on the 9th, '46 passed through to the filter | 
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experiment on inch draining tiles, 24 feet asunder and three feet deep, 
which appear to have carried off all in 12 hours, he conclndet that they 
were equal to such a discharge, viz., half-an-inch in 12 hours. ^^ 

Referring to our tahle of the ordinary summer run of streaanf, and to 
the amount of rain-fall per annum which such run will require, we may 
safely assume that the mean is certainly not more than ten cubic feet per 
minute per square mile, or (Table 12), somewhat more than two inches 
per annum. If we double this quantity for the average of the whole 
year, due to springs and ordinary rain, or say 4 inches, we shall be pro- 
bably tolerably near the ordinary run of a river, taking summer and 
winter, exclusive offloads, and assuming no very wet or high mountain 
districts. 

Now the average filtration, from April to September, of the above 
eight years, may be taken as nothing for all practical purposes; while, 
from October to March, we have an average of 10.39 inches filtered 
through, out of 13.95 inches total fall. Of this winter portion of 10.39, 
we must allow at least six inches for floods running away at the time of 
rain, and then we have only 4.39 inches left from supply of rivers and 
wells, which, assuming our estimate of four inches for that due to 
rivers, leaves only .39 of an inch for wells alone. It is certain that this 
small quantity would give all that we have as yet known of the draft of 
wells in all ordinary cases; for how notorious is it, that ordinary wells 
fail in summer time, and how few wells are there of a never-failing cha- 
racter, unless they have some substantial reason for that quality. 

When we consider the enormous tendency to collect given to an area, 
by the preponderating gravitation from the surrounding strata, pro- 
duced by V'Qi^ping at a depth of 100 to 200 or 300 feet below the 
surface, the wonder should be, rather the small produce of wells gene- 
rally, than an argument for the great supply from wells. Considering 
the exertions made to get water at Liverpool by wells, the results 
shewn at page xxxvii are small; and of the larger instances in London, 
given at page xxxvi, some are notoriously influenced by the high tide of 
the Thames. 

Whether wells, if unduly worked, are not another form of taking water 
out of the adjacent rivers or the springs which supply them, is a point 
which is at all events open to question ; and the evidence is certainly 
rather favourable to such a conclusion in chalk districts. In the recent 
case of Dickinson v. The Grand Junction Canal Company, where de- 
fendants sank a well near the summit level of the chalk stream, flowing 
towards the Coin, and pumped thence over the watershed line into the 
canal locking northwards. Lord Langdale referred the matter to Mr. 
Cubitt, President of the Institution of Civil Engineers, who advised that 
the Canal Company should divide the water pumped, sending half down 
towards the Coin, and the other half northwards. This decision was in 
fact admitting the doctrine ; qualified in Some degree by the proximity 
of the well to the watershed line. 

Wells and springs, in character identical, are provisions for the wants 
of humanity, ordained by Providence, so that man shall have water in de- 
tail wherever he may require it, for his daily use; and in order that the 
supply may be pure, the chemist informs us that the carbonic acid in the 
soil constantly purifies the percolating water in the slow passage (filtra- 
tion) downwards; thus returning the liquid pure from the manure and 
other impurities of the upper soil — from the animal and vegetable 
wonders of the microscope, children of light and air, that cannot exist 
below ; so that the earth, synonymous with corruption, is also all- 
powerful in the production and support of new life, as described by a 
great apostle before chemistry was known. Wherever immense popula- 
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tions are gathered together, these conditions are interfered with so as to 
upset the ordinaiy economy of nature, and give rise to the complications 
which the engineer is called apon to a4ju8t 



WELLS m THE LONDON CLAY AND CHALK. 

The chief supply to the wells of London is the hed of sand which lies 
on the chalk under the great bed of London and plastic days ; ^e nature 
of this bed renders the comrnvnication between diflferent wells undoubted, 
and it is equally certain that all the leerge weUs have constantly to be 
deepened, to enable them to keep up their supply. 

Mr. Clutterbuck, (Mins. Inst. Civ. Engrs.) says, that the permanent 
degression between 1341 and 1848, has l^n 12 feet or 18 inches per 
annum, the progress being thus:^- 

Hendon Union Workhouse ...... 6 feet in 8 years. 

Cricklewood 10 „ „ 

Kilbum 20 „ „ 

Zoological Gardens, Regent's Park 19 „ 
Hampstead Road 10 „ 






Mr. F. Braithwaite ^ves a table, of which the following is an abstract, 
shewing the effect of pumping from the sand springs under the blue clay 
at Coombe*8 Brewery, Long Acre: 

DbPTB of WaTBB below GftOUND. 

1B88. 184L 1844. 1847. 1849. 

January.., 113. 6 ... 119.0 ... 131.0 ... 133.8 ... 148.6 

March...... 116.0 ... izi.6 ... 135.6 ... 133. i ... 152.6 

June 113. o ... 124.0 ... 137*0 ... 139. 1 ... 158.0 

September.. 118. o ... 124.3 ... 134.6 ... 146.0 ... 160.6 

December.. 117. o ... 124.6 ... 135.6 ... 140.0 ... 155.9 

At Greenwich the well ebbs and flows 1 Land springs 2 feet, 
during each tide in the jSand „ 3 „ 

At Coombe*s Brewery, additional borings in the chalk, 100, 200, and 
800 feet deep, gave only 4 cubic feet per minute more water ; the water of 
this well has lowered 60 feet and upwards in 25 years past. 

At Meux's Brewery, 260 feet boring in chalk only gave 1*6 cubic feet 
per minute more water. 

These examples are taken from various discussions in the Minutes of 
the Institution of Civil Engineers, and we must leave the reader to draw 
his own conclusions. From the same sources we give the following 
table of 
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WELLS IN LONDON AND THE NEIGHBOUBHOOD. 

Depth Bdow Depth Amrant 

below T. H. in I^pth of supplj 

ground. Waiter. Chalk. Bo'-ed. e. ft fier 

fset. feet. feel. feet. miMttfr. 

Busfaej Meadows, Watford .... — .. — .. — .. — ..200.0 

Hanwell — .. — .. — .. — ..20.4 

HampsteadBd., (a)Aag. 183A.. 183 .. 105 .. 37 •• — •• ^o.^ 

„ March 1839.. — .. — .. — .. — .. 21.1 

Trafalgar Sqnare 400 . . — . . 100 . . — . . 65 .0 

Reid's— chalk exposed 1,600 sq.ft. — .. — .. — .. — ... 32.0 

Greenwich Hospital 253 .. 240 .. mo .. 100 .. — 

Woolwich 600 . . 590 . . 580 . . — . . 160.0 

Booth's at Brentford .. (5) 415 .. — .. — .. 100 .. 13.0 

Well at Gravesend, 1837 — .. — .. — .. — .. 13.0 

(a) Well, finished in Febraary, 1838. Depth 163 fbet ; worked by a SO-horse engine, 
ftt a COM; of £'i VTs. for each 24 hoars. OroMcoat of well, engine aoA pamps» j0r 12,432. 
(6) Supply chiefly troax Sttnd Spring. 



WELLS IN THE NEW RED SANDSTONE. 

In Mr. Stephenson's late Report on the supply of Water to liyerpool, 
be comes to the following general conclusions: — 

That an abundance of water is stored up in the new red sandstone, and 
may be obtained bj sinking shafts and dnving tunnels about the lerd of 
low water. 

That the sandstone is generally rery pervious, admitting of deep wells 
drawing their supply from distances exceeding one mile; but its per- 
meability is occasionally interfered with by faults or fissures filled with 
argillaceous matter, sometimes rendering them partially or wholly water- 
tight. 

That neither by sinking, tunnelling or boring, can the yield of any well 
be very materially and permanently increased, except so far as the con- 
tributing area may be thereby enlarged. 

That the contributing area to any given well is limited by the amount 
of friction experienced by the movement of the water through the fissures 
and pores of the sandstone. 

That there is evidence to show, that the tendency of the river water 
inland is slightly preponderating over the pressure of the body of water 
in the sandstone towards the Mersey, the wells being generally sunk 
about 20 feet below low water mark. 

That it might be a fair conclusion under existing circumstances, that the 
equilibrium would be very nearly adjusted, because the mass of the wells 
draw their supply from the sandstone at a level somewhere between high 
and low water mark, and the column of fresh water from the sandstone 
exerting its natural pressure, prevents any ingress from the fluctuating 
column of tidal water; but that the uniform pressure of the column of 
fresh «?ater is interfered with by the great extent of pumping from the 
wells ; the efiect of this, in many cases, being to lower the surface line of 
water in the sandstone below the river surface, when a reverse action 
ensues, and the brackish water obtains a slight advantage. 

That the various proposals for obtaining water, by sinking at one point 
in the immediate vicinity of Liverpool, will not produce the stipulated 
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quantity. That experience shews the necessltj of deepening the weHs in 
Liverpool, from time to time, from the great demand. That there is little 
or no prohabilitj of obtaining permanently more than aboat 1,000,000 or 
1,200,000 gallons per day, from any one well, and this only when not 
interfered with by other deep wells. 

That the roostj^ if not the only feasible plan for making the water con- 
tained in the snndstone available for the general sopplv of Liverpool, is 
to sink a series of wells scattered over alorge area of country lying to 
the East or Norrh-East of the Cown« 

The Report states that tho net cost of working the deep wells at 
Liverpool is as follows: — 



Name of Station. 


Height 
Water 
Lifted. 


QoAHtity Raised. 


Total Cost per 

Ann. (»f RilsUig 

Water. 


Cost per ann. of 

Baising 1,000.000 

Gallons, er 

160,613 c. flBet 


Bootle 

Busli 

Soho 

Hotham Street . 
Water .Street . . 

Windsor 

Green Lane . . 


Feet. 
40 

123 

1*3 
110 

210 

i85 


Cvbic ft. perMlnute. 
100.6 

29. 1 

51-7 
24.7 
45-8 

71.1 
112. 2 


£ t. d. 

M4.< 3 3 
7i<5 3 5 
833 17 I 
60.^ 4 8 
874 7 10 

949 3 
920 2 7 


£ 9. d, 

4 7 8 
7 lO I 

4 18 9 
7 9 4 

5 16 6 
416 
2 ID 1 



The gross cost of raising 1]2 cubic fieet per minute, or 1,000,000 gal- 
lons per diem at Green Lane and Windsor Wells, is — 

For current expenses including superintendence . . .. £1,100 
Depreciation upon Engiaes and Machinery, Engine- 
houses and Cooling-pond, £1 1,200 at 2 per cent. . • 224 

Total per annum. . £1,324 

From which Mr. Stephenson estimates each new sta- 
tion, including Mains for delivery into the Distributing 
Besenroir, thus: — 

Current expenses, including superintendence £1,100 

Depreciation upon Engines and Machinery, Engine- ) ^ .^ 
houses and Cooling-ponds, £12,000 at 2 per Cent. 3 

Depreciation of Mains, £8,000 at \ per Cent. 20 

Interest on Capital, namely — £30,800 at 4^ per Cent 1,386 

Compensation to Landowners 250 

Total per annum for distributing 112 cnbic feet per) ^^ ^^^ 
minuic, exclosive of service pipes \ *'"' 

Mr. Stephenson suggests, that if Liverpool is to be supplied with Water 
from Wells, they should be, as above stated, scattered at wide distances 
over the area to the East of the town; he estimates that each new station 
and its mains to the Kensington Reservoirs would cost £28,000, and 
allowing one station for each 1,000,000 gallons supplied, and the same 
quantity for each of the two present stations, (which cost, exclusive of 
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capita], £2^48 per annum) he gives the following compaiisoD of the 
Annual Cost of supplying Liverpool with Water from Wells and fr<»a 
Bivingtoa Pike : — 



To obtain 


Grayitatton. 
Eiviogton, in- 
cluding interest 

on Capital of 

je5oo,ooo. 


Pumping. 

WelK inclad- 

ing interest oa 

Capital. 


Oal. per day. C. ft. per min. 
8,000,000 or 891.4 wiH Cost per Annum 
9,000,000 „ 1,002.8 „ „ 

10,000,000 „ 1,114.3 t» „ 

11,000,000 „ 1,225.7 „ „ 

12,000,000 „ 1,337.1 „ 

13,000,000^ 1,448.6 ^ „ 


£ 
28,100 

^8,356 
28,612 

28,868 
29,381 


£ 
20,624 
23,620 
26,616 
29,612 
3»,6o8 

35.^04 



The following is a return delivered by W. C. Mylne, Esq., to the 
Metropolis Water Committee, on 31st July, 1851 : — 

'^Estimate of the difference in the expense of supplying water to the 
New Biver Head, by nteans of Gravitation or by Pumping, 

By Gravitation, 

Interest, at 5 per cent., on the capital reported 
to Parliament, in 1821, as expended for 
bringing the water from Chadwell and 
Amwell to London, viz., £472,170 £23 ,600 O 

Annual expenses on the river 4, 600 O 



£28,200 
By Punning', 

Interest on capital, and annual expense of 
pumping the same quantity of water from 
the River Lee, at or below Tottenham, into 
theNewBiver £15,500 0* 



£12,700 



Note, — ^The New River ia capable of bringing 30 per cent, more water, 
without any extra cost. This extra quantity, if pumped from or below 
Tottenham, would add 30 per cent» to the cost of pumping." 

We must observe that the capitalized cost of the New River was an 
estimate only, and that it was laid out originally for a Hmited quantity ; 
four times the amount of water, if it had been then wanted, eould have 
been brought in at no greater original cost of construction. The quan- 
tity of water brought by the New River from the Lee at Hertford, 
according to the returns of the company, is about 1,300 cubic feet per 
minute. 



£ 



EXPENDITURE OF WATEB.-Table 13, 

Is arranged to show readily the relation of cubic feet per minute with the 
same quantity in gallons, for a minute, day, and year of 365 days. 
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The following Table gives the raloe of water per annum, at a 
penny per 1,000 gallons, from 1 to 50 cubic feet per minute, and from 
1,000 to 500,000 gallons per diem ; the year being taken at 313 working 
days. 



Cubic feet 


Qallons 


Valae per 


Gallons 


Cubic feet 


Value per 


Mhiate. 


per 


Annum, at Id. 


DLem. 


per 


Annum, at lei. 


Diem. 


per 1,000 Oals. 


Minute. 


per 1,000 Gals. 






£ i. d. 






£ i, d. 




9,000 


II 14 9 
A3 9 6 


I,090 


O.III 


I 6 I 




18,000 


1,500 


o.*77 


6 10 5 




27,000 


35 4 3 


5,000 


0.555 




36,000 


46 19 


10,000 


I. Ill 


13 10 




45,000 


58 13 9 
117 7 6 


50,000 


5-555 


65 4 1 


lO 


90,000 


100,000 


II. Ill 


130 8 4 


50 


450,000 


586 17 6 


500,000 


55.555 


651 I 8 



WATER SUFPLT AHD POFTTLATION,-Table 14, 

Is arranged to give a ready measure of the quantity of water required to 
supply various amounts of population at different rates of consumption ; 
with these are given the number of square miles of ground required 
according to ditferent sources of supply, with the cubic contents of 
Reservoirs. These data are given to guide, rather than to lay down 
any rule upon the subject ; we have found this form useful in judging of 
the capabilities of districts where there is absence of special data, in 
using this Table the information given at pages xxx. to xxxii. will be 
appUcable. 



BMN TABLES 15 and 15 a. 

As a guide for practical application to the circumstances of any especial 
case, we have constructed from authentic sources these Tables of Rainfall 
at 55 places. 

Table 15 shows the fall of rain averaged over a stated number of 
years, with the maximum and minimum quantity for those periods. Each 
year is formed of three periods of four months each — commencing with 
November, December, January, and February, for the winter division ; 
March, April, May, and June, for the Spring division ; July, August, 
September, October, for the summer division ; each year being made up 
of these periods, instead of the customary twelve months. 

This plan of division is adopted because, for purposes of comparison, 
it gives the seasons in better arrangement than the ordinary division into 
months ; for instance, a wet November and December are not unusually 
followed by a dry January and February, and vice versa. To expect, 
therefore, a small discharge in March because the fall of rain may be 
small in the two preceding months only, would be calculated to lead into 
error* Moreover, the amount of deduction for evaporation, and especially 
absorption, will arrange itself more systematically under these divisions. 

The blanks for Greenwich, in Table 15, should be filled up as follows ; 
the details given by R. W. Mylne, Esq., were received too late for 
insertion thereon. 
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Xeaa. 


jfaxliiinin, 1841. 


Minimiiiii, 1840. 


WirrTKR 


SPRuro 


HmooR 


TOTAL WlXTZB 
ISmos. 


SPKiira. 


SOOOtK 


TOTAL WvnMM 

Iflmos. 


^Riiro 


SUlOtU 


TOTAL 
ISmos. 


Ins. 
7.50 


Ins. 
6.37 


Ins. 
10.10 


Ins. 
»3.97 


Ins. 
9-5 


Ins. 
8.1 


Ins. 
15.8 


Ins. 
33-4 


Ins. 
6.3 


Ins. 
J.7 


Ins. 
6.6 


Ins. 
16.6 



The average of 20 years, from 1830 to 1849, was as follows : — 

SPBnro. suioas. Amncr. Wnrant. Totai.. 

4.151118. ... 5.551ns.... 7.751ns. ... 5.55108. ... 23.09 Ins. 

iBt 

The maximnm of 20 jears, In 1B41 33. 40 

The minimum „ „ 1832 16.10 

The minimum average of 6 years, viz., the years 1S32-4-7-40-7 >7*48 

The yean 1832, 1833, and 1834, gave only 16. i, 20.9, ami 17. 8 inches consecutivelyi 
or an average of 18. 10 inches. 

The mean firom 1820 to 1829 was ^S*^ 

„ „ 183(1 », 1839 M.23 

„ 1840 ,,1840 ^3.96 

Average firom 1820 to 1849 was m 23. 95 

The following is the Devonport rain-fall for 9^ years, 1840 to 1849> 
taken about 80 feet above high water: — 



Xeaa. 


IfaxiimiTn, 1841. 


MiTiiminn, 1846. 


8PRIK0 


smooB 


AUTUIDC 


Total 
IS mos. 


SPRiiro 


SUIQCKB 


ATrruHir 


Total 
lamos. 


3PRIXO 




AUTUMK 


TOTAL 
IS mos. 


Ins. 
IZ.81 


Ins. 
8.01 


Ins. 
10.51 


Ins. 
31.34 


Ins. 
14.91 


Ins. 
11.93 


Ins. 
17-43 


Ins. 
44- a7 


Ins. 
11.43 


Ins. 

7.40 


Ins. 
8.50 


Ins. 
*7.IJ 



Table 15 a is constructed from good specimcDS of the hill and the low 
country of Great Britain. 

Gleucoi'se is a deep valley in the Penlland Hills, 10 miles from Edin- 
burgh, where obsenrations have been kept by the Water Company since 
1830, at the level of their reservoir or the lowest point of the ba.«tin ; the 
hills rise precipitously all roand to heights of 1,200 to 1,600 feet above 
the sea, and are about twelve miles from the Firth of Forth. 

Gilraonrton is in a valley of flatter character, with hills rising to 1,600 
feet, at two to five miles distance in the south and west direction from the 
gaage — the hills are twenty miles from Glasgow, and the same distance 
from the west coast of Scotland. 

The Boston observations are well known to represent the steady cha- 
racter of weather of the low conntry of Eastern England. 

In this Table the object has been to show, in juxtaposition, the amount 
of rain falling in quantities so heavy as to aifect streams, and the total 
amount given by the rain-gauge during each month. The minimum 
quantity, taken as ** heavy rain ** falling in each twenty-four hours, is 
.3 inch. The average number of days in the months and years in which 
the rain per diem was this, or above, is also given in the Table. 

It will be at once seen, by those fisimiliar with the subject, that this 
mode of arrangement indicates an amount probably available for streams, 
not at all unlike the result of experiments. 



xU 

RbMAKKS on THB USB OV THB TaBLBB. 



GENERAL REMARKS ON RAIN, AND LOSS BT 

EVAPORATION. 

In vLBmn the term evaporo/tos, as apf lied to this great process which is 
always at work in nature, the engineer has only to deal with the resultant 
facts ; it is quite clear that the amount actually passing off the ground in 
the state of vapour may even exceed that shown by the rain-gauge. As 
an instance, we have drawn up the following statement of evaporation 
from surface of water in a shallow vessel, as compared with the amount 
of rain received in an adjacent gauge. The observations were made by 
Bir. Luke Howard, at Plaistow, and are averaged from 1812 to 1815 : — 

Jan. Feb. Mar. Apr. Ifaj. Jnne. Jnlj. Aug. Sept. Oct. Nor. Dee. 

Ins. Int. Ins. Ins. Int. I»«. Ins. Ins. liia. Ina. Ins. Ina. 

RAia....i.9i ^'Oo i*46 ^•48 1. 71 t.14 Z.T9 0.98 2.85 t.of 1.75 1.60 

£vAp....«.i.2o 1.63 1.4X Z.47 X.67 Z.85 Z.99 X.Z5 I.]) .49 .44 .39 

▲VEEAQK EAIM. BVAP. 

inches. inches. 

On adopting (ke former division of foar montha, 

wehaveforthe WfKTaaPeaioo 7.28 }.66 

„ Spaiiro ,t 7.79 10.41 

„ SuMMsa „ 8.08 70JS 

Total Average for the Years being... Z3.15 zi.i} 

The experiments of Bishop Watson on evaporation went to shew that, 
during the time of bright hot sun, when there had been no rain for a 
month, the evaporation From grass was at the rate of *03.5 inch in 12 hrs. 
Another experiment one day after a thunder-storm „ '087 „ „ 

Looking at these results, we must como to the conclusion that the 
supply which is given from above for evaporation, &c., must be far beyond 
the susceptibility of any ordinary rain-gauge, and cannot therefore shew 
the amount of liquid, in all forms, which Is deposited by night and day 
during the year. When therefore, we speak of a certain proportion of 
the amount recorded by the rain-gauge being lost, and the remaining 
passing olFthe ground, we state the resuk of expcrinieuts; without at all 
questioning that there roust be a far greater quantity evaporated to be 
again supplied by dew and vegetable ahsoq.»tion. Unless there are these 
sources of supply, beyond tiiu indication of the rain*gauge, it would be 
impossible to account for the euornious evaporation produced each day, 
for long succession, in tropical countries, where Mew has the elfect of rain 
in early morning, aud the year passes round with only a few thunder- 
showers, as in Egypt and part of the West Coast of America. 

The author or the article Physical Geitgraphy^ in the work of the 
Society of Useful Knowledge, has the following remarks upon this subject: 

"Other things being equal, evaporation is the more abundant, the 
greater the warmth of the air above that of the evaporating body, and least 
of all when their temperature is the same. Neither does much take place 
whenever the atmosphere is more than fifteen degrees colder than the 
surface upon which it acts. Winds powerfully promote evaporation, 
because they bring the aur into continual, as well as into closer and more 
violent contact with the surface acted upon ; and also, in the case of 
liquids, increase, by the agitation which they occasion, the number of 
points of contact between the atmosphere and the liquid. 
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''In the temperate zone, with a mean temperature of 52^ degrees, the 
annual evaporation has been found to be between 36 and 37 inches. At 
Cumana, on the coast of South America (N. lat. 10}), with a mean 
temperature of 81.86 degrees, it was ascertained to be more than 100 
inches in the course of the year; at Giiadaloupe, in the West Indies, it 
had been observed to amount to 97 inches. The degree of evaporation 
.very much depends upon the difference (greater or less) between the 
quiantitj of vapour which the surrounding air is able to contain, when 
jaturatedf and the quantity which it actually contains. M. Humboldt, 
from observations made in the passage across the Atlantic, found that in 
the torrid zone, the quantity of vapour contained in the air, is much nearer 
to the point of saturation than in the temperate zone. The evaporation 
within the tropics and in hot weather, is in temperate zones, on this account, 
Ipss than might have been supposed from the increase of the temperature. 

''The average yearly quanti^ of rain is greatest within the tropics; and 
it seems^in.general,^ to diminisn, jthe further we recede from the equator. 
In .the torrid zone it amounts, at a medium, to 100 or 110 inches; while 
in the north temperate zone, it cannot be stated at more than 30 or 35 
inches. ' These quantities are very differently distributed throughout the 
year in the two zones: the number of rainy days towards the equator 
is, in the majority of places, less than in the higher latitudes, and the rain 
consequently descends there in the fnost violent torrents: at Bombay, 16 
inches have been collected in a guage in the space of twenty-four hours. 
In general,, much more rain fidls in mountainous countries than in plains, 
and in countries covered with extensive forests than in those where wood 
is less abundant. Annexed, is a table of ihQ annual quantities which 
have been observed at several places, 

PUce.. L.ttta*,. ^.TofS' 

Island of St. Domingo .. .. .. 19° N. 120 inches. 

Ditto Grenada ^ 12 112 „ 

Calcutta .. .. 12i 70 to 75 

Bome • 42 36 ^ 

Paris .. 49 2l „ 

London .. .. .. .. .. .. 51} 23 or 24 

Liverpool.. : .. 53} 34 ^ 

Kendal, Westmoreland 54} 60 „ 

St. Fetersburgh .•.,.... 60 16 „ 

Upsal 60 26 n 



" The average annual fall of rain at Bdmbay in the ten years 1817 to 
1826, was 78.1 inches; of those years, the most rainy was in 1822, in 
the course of which nearly 113 inches fell: whereas in 1824, a season of 
extreme drought and famine, the supply did not much exceed 34 inches. 
At Arracan, in 1825, nearly 60 inches were registered in the month of 
July, and above 43 in August; from which we may conclude that the 
whole quantity within the year was at least 150 inches." 

The following is a TABLBof the mean temperature of different lati- 
tudes, which will be useful in indicating the temperature of spring and 
other water, under gromid. 
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COHPASATIVE TSLOGITIEB, QBASIEVTB, AHS 

KEASUBXS-TableB 16, 17 and 18, 

Are amuiBed for ordinary reference, aa exiilalned thereon. Table 18 bat 
also the angle of rarioug rates of slope, and the dilference of leogth 
between the ba»o and slope m ' "-'" 



ITBEFUL "WEUmTB AJH) 1EEA.BUSES. 
Table* 19 and 19a, 
Cont^n a table showing the decimal proportions of a, foot or noitf , iu 
reference to a duodecimal division or iacbus; likewise tbe decinnUs which 
represent the ordinary fraclions of an inch (or any other meaaure) froin 
one-sixteenth to fl lleen -sixteen the j thus, four inches and eleven -sixteen [hs, 
or 4,6S75 inches, is .390 of a foot. Those conienions nre useful in com- 
putations of all kinds. The tubta has several useful numbers, and the 
multipliors for converting the principal foreign measures into English. 

Table ISa contains areas of gcgmenls of a circle, and lengths of their 
arcs ; beight of apparent above true level, for rotundity of the earth ; 
■quare yards in decimals of an acre ; and the numtier of bricks taken in 
iven amonnl of work. 



WEIQHT ASS STSEKaiH OF KATEBIALS.- 
Tables 20 and 21, 
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STTSFElf SIOH BRn>OES.-TabIe 22, 

Gives the chief principles involved in catenary carves, and can be thus 
applied in all cases where the strength is required for sospended chains 
of any kind. 

The strain in lbs. a rope will bear safely = girt * X 200 
Do. cable „ = girt • X 120 

Chain Cable. — Take the safe strain at about 8 tons per square inch of 
the iron of which it is made — t. e. four tons for each side of the link. 

Of good chain, the proof weight should be 10 tons per square inch of 
each side of the link. 

The FOLLOWiNa is a Tablb of the size and strength of Newall's 
wire rope. 
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BOOFS AND LOCK GATES -Table 22a, 

Contains the tension of the tie* bar of roofs or trusses, at several angles; 
giving the proportion of tension when the weight is unitj. Also, the 
strain on three feet depth of surface of a lock gate in tons, and the size of 
oak timber necessary to bear three times the strain at diiferent lengths of 
gate. This is from a paper hy P. W. Barlow, Esq., C.E., in the first 
volume of the TranscuitUma of the Institution of Civil Engineers, The 
strain is taken for gates placed at an angle of 19^25' with the square, 
which he shows to be the angle of greatest strength, taking all thrusts 
into consideration. 



Rbmabks on tbb vsa of tbs TAstn. 



CAST IBON BEAXS-Table 83, 

Giyes the safe load to be boine by beams having the specified dimension 
of bottom flange. This is constnicted on Professor Uodgkinson*8 role. 

1. Moltiplj the area of the bottom flange by the depth of the beanie 
and divide the product by the len^h between supports (all in inches); 
the quotient multiplied by 514 will give the breaking weight at the centre.* 

2. When a beam is uniformly loaded and supported at both ends, it 
will bear double the first result. 

a. When a beam is fixed at one end and uniformly loaded, it will bear 
the same as the first result. 

4. When a beam is fixed at one end and loaded at the other, it will bear 
only half the first result. 

In the tables we have taken the safe load at one third of the breaking 
weight; but for railway girders it should not exceed one sixth, or half the 
tabular numbers. For safe deflection, a rough rule is — allow one fortieth 
of an inch for each foot of span. 

In ordinary wrought iron beams^ we have found that the first rule is 
very fairly applicable, using a constant of 1,500 for the breaking weight. 
In general use, a beam of wrought iron sboald not be strained beyond 
one-third of its ultimate strength, but it has the advantage of beins able 
to bear on an emergency two-thirds, without any serious damage; whereas 
this would be imminent risk with cast iron, especially with moving weight; 
hence the superiority of wroaght iron, for floors where motion is likely to 
be freely communicated. 

In long cast-iron beams, a proportion of six area of bottom flange to 
one area of the top flange will not give sufiicient stiffness to the latter; 
with a wide bottom flange it is also necessary to have angle stays to secure 
it to the central web, and to insure continuity of strain through the ver- 
tical direction. 

The depth of a beam mav decrease at any point towards the extre- 
mities in the proportion of the multiples of the segments of its length ; 
thus, if a beam is 12 inches deep at the middle, and it is twenty feet in 
length, then at five feet from each bearing, the depth should be as 10 X 
10 : 15 X 5 : : 12 : 9 inches = required depth; but surplus strength and 
a thorough bed at the point of support are indispensable for security. 
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HASINE STTEVETINO.— Table 24, 

Contains various Tables useful for the nautical branch of the profession, 
especially in the use, for engineering purposes, of charts, which are gene- 
rally constructed on astronomical measurement. The tide table is for 
computing rise or fall by time from high or low water; the surveyor on 
the British coast will find the Admiralty Tide Tables to be his best guide; 
their usefulness is being extended every year. The Tide Tables at the 
end of this volume give similar information for 1852-3-4, with the basis 
for calculating any other year by the use of the nautical almanac; the 
tables will thus be found useful in examining and comparing observations 
in past years, when occasion may require a comparison. 

* This role is somewhat empirical, but it has the adrantage of being below the mark. 
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MOTHTFAIK BASOKETEK -Ta1)le 2S. 

Tbis U a very useful inBtniment, when properly niBnsged, for sar- 
veyB sad otber geodesic operations, which occasionally have to be made in 
discriccs, where even the level and theodolite Is nseJess, untQ some idea of 
the line of coantry is sketched out. In linding the relative summit levels 
of different gaps or passes in a mountainous country, we tiate used il 
with great advantage over ground which, in fact, waa inaccessible to 
oidinary instruments, which must be used step by step. 

For Jaidaig the height in fett, subtract the logarithm of the upper 
itation &om that of the lower; multiply by six, and remove the decimal 
point four places to the right; the result is the elevation iu English fec^ 
generally sufficiently accural* for all purposes to which a mountain baro- 
meter should be applied. If perfect accuracv be required in a fixed 
iiutruoient, we liave to correct the mercurial colamn, when the scale is of 
brass, by deducting the fraction, opposite the temperatare (in degrees 
Fahienbeit) of the instrument, from tlie observations. 

First, for the Moantain Barometer, ne have the correction in Table b, 
^iacting, if upper station be coldest, the amount opposite the dilfeTenco 
□f lemperature of Che attached thermometers in degrees centigrade; or 
adding the amount if the upper station be the wannest. 

Secondly, for the expansion of the air take the first correction and shift 
its decimal point three places to the left, and multiply it by twice the sum 
of the detached thermometer expressed in degrees centigradei the 
product lo be deducted or added as before. 
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Thirdly, for gravity the correction ii to be added, as taken from TaUe 
G, according to the latitude and approximate height. 

When an instrument having a cistern is used, we have the correction 
for capillarity in Table F, to be added to each observation before calcula- 
tion; when a syphon barometer is used, we have no necessity for this 
correction. 

Lastly, if fine and scientific observations are required, and accuracy is 
aimed at in hot weather and tropical countries, the observer should 
always have a portable dry and wet bulb thermometer; by this the 
original observations can be reduced to what they would be if the air at 
eadi station were perfectly dry. This is done by the rule in Table £, 
whence being obtamed the temperature of the dew point, we can obtain 
the fraction to be deducted from the observation by Table D, 

Example — Station A reads by Barometer 30.453 = 1.482950 
„ B „ „ 29.341 = 1.466928 



.016022 



Then .01602 X 6 = .09612 and shifting the decimal point four places 
to the right the height of B above A is given = 961.2 feet. 

But we will suppose that the temperature of the instrument at A is 27 cent^ 

n »t If M •** ^8 '•3 M 

difference = 14 deg. 



The temperature of the air being at A 25 „ 

14 „ 

The correction in Table B for 14 degrees is 67.58; for the expansion 
of air, by the rule we have .06758 to be multiplied by the double sum of 
the detached thermometers, or .06758 X 78 = 5.27 feet. 

alt. correction = 67.58 „ 



72.75 „ 

less 961.20 „ 

and adding for gravity... 2.80 „ 



corrected height 891.25 feet 

If corrections for the aqueous vapour should be required, we will assume 
that at station A the dry bulb is 77 Fah. 

wet bulb is 68 =diff.9 deg. X 1.7=15.3 — 77=61.7 
degrees for the dew point. 

at station B the dry bulb is 57 

wet bulb is 53=diff.4 deg. X 1.9 = 7.6 — 57 = 49,4 
degrees for the dew point. 
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The oorrectton tbea for these observations is thos: — 

Station A Bar. reads 30.453 

Less elastic force for 61.7 from Table D .551 



S9.902 



Station B Bar. reads 29.341 

force for 49.4 from Table D 361 



28.980 



We have then the trae barometric heights which ^ 29.902 for Station A. 
maj be treated as given in the example S 28.980 for Station B. 



PRACTICAL REMARICS. 

There are manj varieties of mountain barometers; there is the standard 
one which is only fit for observations at a fixed station, because the setting 
of a large floating surface of mercury to an index, renders tlie obser- 
vations liable to index error. The closed-cistern barometer, commonly 
called Englefieid's, has the disadvantage of requiring a correction for the 
filling of the cistern, and we have also found these instruments sluggish 
in their actioa. The lightest and most philosophical instrument is Gay 
Lnssac's; it requires no correction for capillary attraction, and having 
only to be read by the difference of the two legs of the syphon, there is an 
equal chance of index error in both readings. 

A great superiority of this instrument is, that a magazine can always 
be carried, containing a nnmber of spare tubes; and on a breakage, a new 
one can bo put into the frame, and the instrument rendered again lit for 
use in a few minutes. 

The Mountain Barometer is always arranged to read to l,ODOth part of 
an inch, but we have generally found that two successive readings cannot 
be taken nearer than the third part of this quantity; excepting perhaps 
in the Gay Lussac, which can be inverted and read frequently, and not 
vary more than .002 in the result. No one travelling now should be 
without an aneroid or manometer, which are very susceptible, and far less 
liable to fracture or disturbance by motion. 



XEAK BEADINGS OF THE BASOMETEB. 

As computed firom Greenwich Observations, by Jumes Glaisher, F.R.S. 

Four times daily the reading of the barometer is at its mean value; 
these times in the several mouths are as follows: — 
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In January at midnight 

„ February ... „ midnight ... 

„ March „ midnight ... 

„ April „ Ih. Cm. a.m.... 

,f May „ 1 tt ••• 

„ June „ midnight ... 

ff July ,, Ih. Om. ajooi.... 

„ August „ 1 „ 

„ September .. „ 1 „ 

„ October » 2S „ 

f, November... ^ 1 ^ «* 
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KEAN BEUnrCHI OF THE THEBK 

TiBM L, showing the corrections to be applied 
reading of a thermometer (placed four feet above 
freely cKpoaed to the nir, but in other reapeets pro 
once of radiation and rain) at sny hour, to dc 
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Tbenumbers nre degrees Fahrenheit, and are to be added or anbtractod 
OS denoted by Che signs. 

Boveral times in the day, and at such times tbo algobraical sum of tbo 

Table II,, showing the corrections to he applied Buhtractively lo the 
simple arithmatienl mean of the maximum and miniranm thermoraetoM, 
to deduce from their readings the true lomperatnre of the air. 

January o.z July 1.9 

February 0.+ August 1.7 

April 1 j (tetober 1,0 

May 1.7 November 0.4 

June 1,3 DocembHr 0.0 

We liare thus two easy methods of finding the true mean tcmperalurei 
first, by taking observations several times a day, and applying carreetions 
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to their means from Table L; and, secondly, by taking the half of the 
maximum aad minimum readings and correcting it by the numbers in 
Table IL 

At all placet the form of the diurnal variation is a single progression, 
haying one ascending branch and one descending branch, the maximum 
occurring early in the afternoon, and the minimum occurring at about 
sunrise; but Cne amount of the difference of these extremes is variable, 
depending upon latitude, elevation, locality, and geological formation of 
the country. 

If we compare the mean temperatures of places that differ considerably 
from each other in latitude, we shaXL find that the mean values are lower 
as we proceed north. 

If we compare the mean temperatures of places having the same lati- 
tude, we shall find that the mean value of those situated at the higher 
level will be less than those at the lower level 

If we compare places having the same latitude, we shall find that the 
mean temperatures of those places situated inland will be higher in the 
summer months, and lower in the winter months, than those situated in 
the vicinity of the sea. 

If we compare places differing only in their geological formations, we 
shall find that those places situated upon an arid, dry soil, will have a 
greater range of temperature than those situated upon a clayey, wet soil* 

It is therefore possible that the corrections in Table I. may not be of 
universal application, but as the form of the curve described by the 
daily march is similar at all places, with the exception of being more or 
less bold, the turning points occurring at nearly the same local time, it 
is most probable that the amount of the correction applicable to any hour 
at any place, is the same part of the whole monthly mean daily range at 
that place, as the correction at Greenwich is of the monthly mean daily 
range at Greenwich. — Excerpt PhiL Trans. Part 1, 1848. 



Tables 26, 27, 27a, 28, 29, and 30, 

Contain the area and circumference of circles; squares, cubes, square 
roots, cube roots, and reciprocals 1 to 100; squares, square roots, and 
cube roots, 101 to 1,100; logarithms of numbers 1 or 100 to 1,000: 
logarithmic sines and cosines, to 90 degrees for each 10 minutes; and 
natural sines, tangents, &c. &c. 

These Tables need no explanation here; they are inserted as collateral 
aid, in applying the tables to the various wants of the Engineer, as out- 
lined in the foregoing pages; any further application of them will be 
' obtainable from the ordinary works on the mathematical branches of the 
profession. 



Tables 31, 31a, 31b, and 31c, 



Contain short abstracts for finding the value of Annuities and Leases, 
with the present value of a Reversion in perpetuity, and the value of 
Annuities according fo the Legacy Act; taken from In wood's Tables, by 
permission of Mr. Weale, the publisher. 
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Tables 32, 32a, 32b, and S2o, 33, 34, and 35, 

Contain the method of calculating the time and height of tides of all 
the principal British Forts. Complete explanation will be found at pages 
78 and 79. Table 32c, gives the Admuraltj form for computing the 
height of the tide, and anj period before or after high water, which is 
usenil both' for computations and for reducing soundings in nautical 
survejs, always recollecting, however, that river tides have different times 
of rise and fall, as wiU be seen in the tables of tidal rivers. 



A£ BEHABES OV TIDAL PHElSrOMENA. 



We suppose the reader of our notes to be previously well acquainted 
with the cnief theorie^and phenomena of the tides, and if he wishes to 
make himself master of the subject as far as theory can carry him, the 
most elaborate and invaluable treatise on Tides and Waves, by the 
learned Astronomer Boyal, will afford all that can be desired of theoret- 
ical computation and practical deduction. We will not therefore attempt 
to follow this treatise in its detail, but, to shew the enormous practical 
effect of depth and freedom of motion in length of waves, we give the 
following Table of the velocity of free or solitary waves. (Treatise on 
Tides and Waves, pp. 291, 292). 



Depfh 


Length of Wave in feet 


of 
Water 


1 


10 


100 


1,000 


1 0,000 


100,000 


1,000,000 


10,000,000 


in feet 


Corresponding yelooity in foet per second 


*9 


I 

10 
100 

i,ooo 

10,000 
I00|000 


1.26 
1.16 
1.26 
1.16 
1.16 
1.16 


5.14 


16.88 
11.61 
11.61 
11.61 
11.61 


5.67 
17.91 

Si '19 
71-54 
7>.54 
7».54 


5.67 
»7»93 

168.81 
116.14 
116.14 


5.67 

17.95 
56.71 

179. 11 

533.90 
715.43 


5.67 

>7.93 
56.71 

179.33 


5.67 

17.93 
56.71 

>79.33 

567.10 
1791. 1 



*'From which it appears that — 

** 1st. When the length of wave is not greater than the depth of water 
the velocity depends (sensibly) only on its length, and is proportionate to 
the square root of its length. 

** 2nd. When the length of the wave is not less than one thousand 
times the depth of the water, the velocity of the wave depends (sensibly) 
only on the depth, and is proportionate to the square root of the depth. 
It is in fact the same as the velocity which a free body would acquire by 
falling from rest through a height equal to half the depth of water. 

**3rd. For intermediate proportion of length of wave and depth of 
water, the velocity can only be got by the general equation. 

** The wave originally produced by the action of the sun or moon, may 

be called the Free Tide Wave. The semi-diurnal tide wave is of this 

character, and may be taken to have a period of 12 hours 24 minutes; 

. now by the foregoing table we see that a wave proceeding 10,000,000 
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feet, will trarel with a velocitj sensibly independent of its length; on this 
principle, therefore, is calcolated the following 

TABLE FOB THE SEMI-BIineaiAL FBEE TIBE WAVE. 



Depth of 
Water, In 

liBCt 


Velocity of 

free tide wave 

lier second, 

ia feet 


Length of 
flnee tide 

wave, 
in miles. 


Bpaee 

deacribedby 

fj%e tide ware 

ner hour, 

in miles. 


I 


5-67 


47.94 


3.86 


4 


".34 


95.89 


7.73 


10 


17.93 


151.62 


12.28 


20 


»5.36 


214.42 


17.29 


40 


35.87 


303.24 


24-45 


60 


43-93 


371.38 


29-95 


80 


50.7* 


428.88 


34.58 


100 


56-71 


479.46 


38.66 


200 


80.20 


678.05 


54-68 


400 


113.42 


958.91 


77.33 


600 


138.91 


1174.4 


94.71 


800 


160.40 


1356.1 


109.36 


1,000 


179.33 


1516.2 


122.27 


2,000 


a53.6i 


2144.2 


172.92 


3,000 


310.62 


2626.1 


211.78 


4,000 


358.67 


3032.4 


244-55 


5,000 


401.00 


3390.2 


273.41 


6,000 


439.27 


3713-8 


299.50 


7,000 


474-47 


4011.4 


323.50 


8,000 


507.23 


4288.3 


345.84 


9,000 


538.00 


4548-5 


366.82 


10,000 


567.70 


4794-6 


386 66 


20, coo 


802.00 


6780.5 


546.82 


30,000 


982.25 


8304-4 


669.71 


40,000 


"34-2 


9589.x 


773.32 


50,000 


1268. I 


10721. 


864.59 


60,000 


1389.1 


"744. 


947.11 



** The diurnal and other tidal waves, so far as they a'-e free, may he 
all considered as travelling with the same velocity, but the column of 
lengths of the wave must be doubled for the diurnal wave." 

In addition, however, to tlie free tide wave, which is that originally 
produced by the sun and moon, but not affected by them in the velocity 
of its propagation, we have that which Professor Airy calls the forced 
tide wave, produced by the immediate action of the sun and moon, with 
its highest or lowest point always at a determinate distance in that place 
(in the supposed canal) at which the disturbing forces vanish. 

The following contains the substance of the general results of the 
inquiries made by the Committee of the British Association, in 1837, in 
a report for which we are indebted to Mr. John Scott Russell, who 
claimed to have discovered the existence of a orbat primary WAVfi 
of fluid, differing in its origin, its phenomena, and its laws, from the 
nndulatory and oscillatory waves. The report stated — 

*' 2. That the velocity of this wave in channels of uniform depth is in- 
dependent of the breadth of the fluid, and equal to the velocity acquired 
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by a heavy body falling freely by gravity through a height equal to half 
tne depth of the fluid, reckoned from the top of we wave to the bottom of 
the channel. 

**3. Tliat the velocity of this primary wave in not affected by the velocity 
of impulse with which the wave has been originally generated, neither do 
its form or velocity appear to be derived in any way from Uie form of 
the generating body. 

'*4. This wave has been found to differ from every other species of wave 
in the motion which is given to the individual particles of the fluid 
throu«;h which the wave is propagated. Bv the transit of the wave the 
particles of the fluid are raised from their places, transferred forwards in 
the direction of the motion of the wave, and permanently deposited at 
rest in a new place at a considerable distance from their orieinnl position. 
There is no retrogradation, no oscillation ; the motion is all in the same 
direction, and the extent of the transference is equal throughout the 
whole depth. Hence this wave may be descriptively designated thb 
GREAT PRIMABT WAYS OF TRAN8LATIOV. The motion of translation 
commences when the anterior surface of the wave is vertically over a 
given series of particles, it increases in velocity until the crest of the wave 
has come to be vertically above them, and from this moment the motion 
of translation is retarded, and the particles are left in a condition of 
perfect rest, at the instant when the posterior surface of the wave has 
terminated its transit through the vertical plane in which they lie. This 
phenomenon has been verified up to depths of five feet. 

"5. That the elementary form of the wave is cycloidal; when the height 
of the wave is small in proportion to its length, the curve is the prolate 
cycloid, and as tlie height of the wave increases tlio form approaches that 
of the common cycloid, becoming more and more cusped until at last it 
becomes exactly that of the common cycloid with a cusped summit ; and 
if by any means the height be increased beyond this, the curve becomes 
the curtate cycloid, the summit assumes a form of unstable equilibrium, 
the summit totters, and falling over on one side forms a crested wave, or 
breaking surge. 

The report stated 

** That in the rectangular channel the velocity is that of gravity due to 
half the depth. In the sloping or triangular channel the velocity is that 
due to one* third of the greatest depth. In a parabolic channel the velocity 
is that due to three-eighths or three-tenths of the greatest depth, according 
as the channel is convex or concave; and finally that the velocity of the 
great primary wave of translation of a fluid is that due to gravity acting 
uiroogh a height equal to the depth of the centre of gravity of the trans- 
verse section of the channel below the surface of the fluid. 

'* 7. The height of a wave may l>e indefinitely increased by propagation 
into a channel which becomes narrower in the form of a wedge, the in- 
creased height being nearly in the inverse ratio of the square root of the 
breadth. 

**8. If waves 1)e propagated in a channel whose depth diminishes uni- 
formly, the waves will break when their height above the surface of the 
level fluid l>ecomes equal to the depth at the bottom below the surface. 

** 9. The great waves of translation are reflected from surfaces at right 
angles to the direction of their motion without suffering any change but 
that of direction. 

** 10. The great primary waves of translation cross each other without 
change of any kind, in tlie same manner as the small oscillations pro- 
duced on the surface of a pool by a falling stone. 

"11. The WAVES OF THE BRA are not of the first order — they belong 
to the second or oauiUatory order of waves — they are partial displacements 
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at the surface, which do not extend to considerable depths, and are there* 
fore totally different in character from the great waves of translation, in 
which the motion of displacement of the particles is uniform to the. 
greatest depth. The displacement of the particles of the fluid in the 
waves of the sea is greatest at the surface, and diminishes rapidly. . There 
are generally on the surface of the sea, several coexistent classes of oscil-; 
lations of varying direction and magnitude, which, by their union give 
the surface an appearance of irregularity which does not exist in nature. 

'* 12. When waves of the sea approach a shore, or come into shallow 
water, they become waves of translation, and obeying the laws already 
mentioned, always break when the depth of the water is not greater than 
their height above the level, 

** 17. A tidal bore is formed when the water is so shallow at low water, 
that the first waves of flood tide move with a velocity so much less than 
that due to the succeeding part of the tidal wave, as to be overtaken by 
the subsequent waves, or wherever the tide rises so rapidly, and the wat^ 
on the shore or in the river is so shallow that the height of the first wave 
of the tide is greater than the depth of the fluid at that place. .Hence in. 
deep water vessels are safe from the waves of rivers, which injure those 
on the shore. 

*' 18. The identity of the tide wave, and of the great wave of translation, 
G^ow the nature of certain variations in the establishment of ports situ- 
ated on. tidal rivers. Any change in the depth of the rivers produces a 
corresponding change on the interval between the moon's transit and 
the high water immediately succeeding. It appears from the observations 
in this report, that the mean time of high water has been rendered 37; 
minutes earlier than formerly by deepening a portion of about 12 miles 
in the channel of a tidal river, so that a tide wave which formerly 
travelled at the rate of 10 miles an hour, now travels at the rate of nearly 
15 miles an hour. 

** 19. It also appears that a large wave or a wave of high water of spring 
tides travels faster than a wave of high water of neap tides, showing that 
there is a variation on the establishment, or on the interval between the 
moon's transit and the succeeding high water, due to the depth of the 
fluid at high water, and which should, of course, enter as an element into 
the calculation of tide tables for an inland port derived from those of a: 
port on the sea shore. The variation of the interval will vary with the 
square root of mean depth of the channel at high water. 

The report suggests that .*' these results give us. principles, Ist, for tlie^ 
construction. of canals; 2nd, for the navigation of canals; 3rd, for the 
improvement of tidal rivers; 4th, for the navigation of tidal rivers; 5th» 
for the improvement of tide tables. 

'* The following experiments were made for the purpose of determining 
whether, the velocity of the so called great primary wave were not 
affected by the initial velocity given to the fluid at its generation by 
the moving body. The velocity of genesis, or of the vessel by whose 
displacement the; elevation of fluid was produced, is given in miles per 
hour, and the time occupied by the wave in describing 700. feet is given 
in seconds. 



1 



Telocity of gendsis. 


Space described 
py the wave. 


Internal of time 


(i.) 5 miles 

(2.) 3 
(3.) 10 

(4.) 7 
as.) 7 
(6.) 4 


an 

>» 

it 
»> 


hour 




700 feet 
700 „ 
700 „ 
700 „ 
700 „ 
700 „ 


6z. seconds 
61. „ 

61. „ 

62. „ 
6z. „ 

61.5 ♦, 
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**Froin this it is manifest that the relocitj of the propagation of the 
ware does not vary with the velocitj of its genesis. 

** To determine whether the height of the wave produced vnj Tariation 
in its Telocitj, the following experiments were made: — 





Height of the wave 


Space 




above the level. 


dedcribed. 


(7.) 


6.0 inches 


700 feet 


(8.) 


S'O „ 


700 „ 


(9.) 


3-5 .. 


700 „ 


(10.) 


2.0 „ 


700 „ 



Interval. 

61.50 seconds 

^1.75 »» 
62.50 „ 

63.50 



If 



** It appears from these examples that, in a given reservoir of fluid, the 
higher wave moves more rapidly than the lower; and it was afterwards 
found that the increase in height was equivalent in its effect on the 
yelocitj to an equal addition to the depth of the fluid in the resenroir. 

** To determine whether the depth of the fluid affected the velocity of 
the wave, the following experiments were made in the same channel 
filled to different deptlu: •- 



Depth of fluid. 


Space described. 


Velocity of wave. 


(II.) 5.6 feet 


486. feet 


9 . 594 miles an hour 


(".) 3.4 n 


150. ., 


7.086 



** The former of these observations is exclusive of the height of the wave, 
and adding six inches to the depth of the fluid in this case, the height of 
the wave being already added to the depth in (12.), we find that the 
velocities are nearly proportional to the square roots of the depths, and 
are nearly equal to the velocities that would be acquired by a heavy body 
in fallinz through heights equal to half the depth of the fluid. 

*' In Uie last case the channel was rectangular, and consequently the 
depth of the fluid was uniform across the whole depth of the cnannel; it 
was next of importance to ascertain what law held in those cases where 
the depth diminished towards the edges of the channel. For this purpose 
two channels were selected having the greatest depths in their middle, 
and diminishing towards the sides. The following are the results : — 



Greatest depth in 

the middle of 

the channel. 

(13.) S'S feet 
(14.) 4.0 



ft 



Space described. 

1000 feet 
820 „ 



Velocity of wave. 

7.84 miles an hour 
6.09 „ 



** In these instances the diminished depth at the sides has diminished 
the velocity of the wave below that duo to the greatest depth in a ratio 
in the first example nearly of 9*5 to 7*8, and in the second of 7' to 6*. 
See Experiments (11) and (12). 

** The following three experiments are instructive as having been made 
on channels in which the maximum depth was nearly the same in all; 
but in (15) the depth remained constant to the side which was vertical, 
in (16) the sides had a slope of nearly 20°, and in (17) a slope of nearly 
40°, 80 as to diminish the depth towards the sides. 





Maximum 
depth. 


Form of 
channel. 


Space 
described. 


(>5.) 
(16.) 

07.) 


5.6 feet 

S'S ff 


Rectangular 
Slope of 20° 
Slope of 40° 


486 feet 
2038 „ 
1000 „ 



Velocity. 

9 . 59 miles 

8.83 

7.84 



f* 



»» 
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''From these it is manifest that the depth of the channel, while it modi- 
fies the depth of the fluid, affects the velocity of the wave. It was not 
found that the breadth of the channel produced any similar effect. 

** The report contained some experiments made on the river Clyde. 
The stations extended from the Bromielaw to Port Glasgow. 



Station I. 

Station II. 

Station III. 

Station IV. 

Station V. Bowling 

Station VI. 

Station VU. 



Diff. of level at H.W. 
Glasgow 10. 1 inches. ^. 



^ 



9 . 1 inches. [ ^ - 
Clyde Bank 7.0 inches. 1 1 



5 . 2 inches. 
2 . 2 inches. 
Port Glasg. o . o inches. J 



6 . 1 inches. \ u7i 

•St: 



Diff. at L. W. 

'33 inches. 

31 inches. 

27 inches. 

25 inches. 

12 inches. 

5 inches. 

o inches. 



H. W. time. 
83 mins. 
76 mins. 
61 mins. 
43 mins. 
24 mins. 

6 mins. 

o mins. 




"From a laborious discussion of the observations, it appeared that the 
wave of high water travelled 

zl S} 8.. miles an hoar. 



From 


IX. to vm. ] 


in 


6 min. 


From VIII. to VIL i 


in 


9 min. 


From 


VIL to VI. 


in 


6 uiiu. 


From 


VI. to V. 


in 


18 min. 


From 


V. to IV. 


in 


19 min. 


From 


IV. to III. ] 


in 


18 min. 


From 


IIL to IL ] 


in 


15 min. 


From 


II. to I. ] 


in 


7 min. 



::?^Si!"j'5">ileBanho«r. 



** These results shew that in the deep water being between 40 and 60 
fathoms, or between 240 and 360 feet deep, the wave travels at the enor- 
mous rate of 80 miles an hour; that on reaching water from 20 to 30 feet 
deejt, the velocity is diminished to 20 miles an hour; and from V. to 11. 
where the river is wide, shelving, and shallow, the velocity of the tide wave 
is retarded to 8 miles an hour; while on ascending further up, where the 
banks nearly upright, and the contracted width give an increase of mean 
depth, the velocity has a corresponding increase to 15 miles an hour. 

'*It appeared by the plans that the average depth of the river, from I. to 
m., was 15 feet. From III. to V. the river is wide and shallow, spreading 
over extensive banks, where there are not 2 feet of water, for which we 
may take a third part of the greatest as a mean depth, or about 5 feet. 
In the division A*om V. to VII., both depth and breadth increase very 
rapidly to about 35 and 37 ; taking 25 feet as the mean depth, we have 



Velocities of tlie Tide- 
wave as observed. 
80 miles an hour. 
20 miles an hour. 
8.1 miles an hour. 
15 miles an hour. 



Mean depth. 

240—360 feet. 

25 feet. 

5 feet. 

15 feet. 



Velocity dae 

to depth. 

60 — 80 miles. 

19.3 miles. 

8.6 miles. 

14.9 miles. 



The remaining experiments have not much practical bearing upon the 
objects of this treatise; we have abstracted the essential parts of the 
Committee's Beport to the British Association, as highly instructive to 
the practical engineer in dealing with tidal rivers and canals, especially 
in the experimental portions. Professor Airy regards the great primary 
wave as simply the solitary wave in its earliest and simplest condition, 
in which a particle is actually moved a certain distance by the wave, and 
then remains at rest in a new position; this wave, he observes, by mathe- 
matical reasoning, may travd without any force to maintain its motion 
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provided it be long in proportion to the depth of the flaid, and that its 
velocity he V'gJL k being the depth, and g the force of gravity in feet 
per second. 2 

As to ordinary waves Mr. RnsselTs experiments shew that a wave 
always breaks when its elevation above the general level becomes equal 
to the depth of water; this fact is strikingly evident in the breaking of 
sorf; as the friction on the bottom shortens the wave in proportion to its 
depth, it topples over. In a similar manner the effect is produced when 
urged on by wind in open sea, until the height of the wave becomes 
greater than gravity wUl permit it to stand. 



As an excellent and accurate example of tidal action in seas and estua- 
ries, we give the following abstract from a paper in the *' Fiiilosophical 
IVansactions " for 1847, being observations on the 

TIDES OF IHE IBISH SEA, 

And upon the great similarity of Tidal Phenomena of the Irish and 
English ChanueL By Captain P. W. Beechey, RK, F.R.S. 

''The observations have shewn that, notwithstanding the variety of 
times of high water throughout the channel, the turn of the stream is 
smidiiaiteoMs ; that tiie northern and southern streams in both channels 
commence and end in all parts (practically speaking) at the same time, 
and that time happens to correspond with the time of hi^h tmd low water 
on the shore at Moreeambe Bayi an estuary rendered remarkable as being 
the point where the opposite tides, coming round the extremities of 
Ireland, finally meet, oo that it is necessary only to know the times of 
high and low water at Moreeambe Bay to determine the hour when the 
stream of either tide will commence or terminate. 

*< The chart of curves or lines of direction of the stream, Plate II., will 
shew at once the effect of the tide upon a vessel, wherever she may be 
placed in the channel, and especially direct her where, with a beating 
wind, she will be benefited by standing In shore or otherwise; and taken 
in connection with the very valuable series of observations which were 
carried round Ireland by the Ordnance at the suggestion of Professor 
Airy, we are made acquainted with several curious facts: first, that 
whilst it is high water at one end of the channel, it is low water at the 
other; that the same stream makes both high and low water at the same 
time; that there are two spots in the channel, in one of which the stream 
runs with considerable velocity without the water either rising or falling, 
and in the other, that the water rises and falls from sixteen to twenty 
feet without having any visible horizontal motion of its surface; and that 
during the first half of the flowing, and last half of the ebbing tide-wave, 
the stream in the south channel runs in a contrary direction to the wave, 
and goes up an ascent of about one foot in 4^ miles. 

** Plate II. shows the lines of direction of the stream with the rate of the 
tfde at its greatest velocity on the day of syzygy, all being reduced to the 
same standard. 

" An inspection of the Plate will show that the tide enters the Irish Sea 
by two channels; of which Camsore Point and Pembroke are the limits of 
the southern one, and BathUn and the Mull of Kintire the boundaries of 
the northern. 
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** The stream in the southern channel (as before stated) has been ascer- 
tained to move simultaneously in one vast current throughout; running six 
hours nearly each way, at an average rate of from two to three knots per 
hour at the height of the springs, increasing to four knots and upwards 
near the banks and at the pitch of the headlands; its times of slack water 
corresponding sufficiently near for all practical purposes, with the times of 
high and low water for the day at Morecambe Bay, or more correctly at 
Fleetwood, which is twelve minutes earlier than Liverpool. 

"The central portion of the stream oi flood or ingoing stream^ runs nearly 
in a line from a point midway between the Tqskar ajid the Bishops, to 
one six miles due west of Holyhead ; beyond which it begins to expand 
eastward and westward, but its main body preserves its direction straight 
forward for the Calf of Man, which it passes to the eastward with in- 
creased velocity as far as Langness Point, and th^n at a more moderate 
rate on towards Maughold Head. Here it is arrested by the flood or 
southern stream from the north channel coming round the Point of Ayre, 
and is first swayed roimd to the eastward by it, and then goes on with it 
at an easy rate direct for Morecambe Bay. 

" The outer portions of the stream are necessarily deflected from the 
course of the great body of the water by the impediments of banks on the 
Irish side of the Channel, and by the tortuous form of .the coast on the 
Welsh. The eastern portion passing Linney Head rushes with great 
rapidity between the Smalls, Grassholm, and Milford Haven, towards 
the Bishops; which it passes at a rate of between four and five knots ; 
sets sharply round those rocka in an E.N.E. direction, right over the 
Bass bank, and into Cardigan Bay; makes the circuit of that bay; and 
sets out again towards Bardsey at the other extremity of it; then sweep- 
ing to the N. by W. past the island and through the sound, it gradually 
takes the course of the shore, round Caernarvon Bay, filling the Menai 
Strait as far as Bangor; but the stream still continuing outside towards 
the South Stack, which it rounds, setting towards the Skerries at a rate 
of upwards of four knots; and finally, turns sharply round those rocks 
for Liverpool and Morecambe Bay; completing in its way the high water 
in the Menai, and filling the Dee, Mersey, and Bibble. 

" The western portion of the stream, after passing the Saltee, runs nearly 
in the direction of the Tuskar, sets sharply round it, and then takes a 
N.E. J N. direction, setting fair along the coast, but over the banks sku*t- 
ing the shore. Abreast of the Arklow is situated that remarkable spot in 
the Irish Channel, where Hie tide neiUier rises nor falls. The stream, 
notwithstanding, sweeps past it at the rate of four knots at the springs, 
and reaches the parallel of Wicklow Head. Here it encounters an ex- 
tensive bank recently known ; and whilst the outer portion takes the circuit 
of the bank, the inner sweeps over it, occasioning an overfall and strong 
rippling all round the edge, by which the bank may generally be dis- 
covered; beyond this point the streams unite and flow on towards Howth 
and Lambay, growing gradually weaker as they proceed, until they ulti- 
mately expend themselves in a large space of still water situated between 
the Isle of Man and Carlingford, where occurs the phenomenon of the 
water rising and failing without having any perceptible stream. This 
space of stUl water is marked by a bottom ot blue mud. 

"In the north channel the stream enters between the Mull of Kintire 
and Rathlin simiutaneously with that passing the Tuskar into the southern 
channel, but flows in the contrary direction. It runs at the rate of three 
knots at the springs, increasing to five knots near the Mull, and to four 
near Torr Head on the opposite side of the channel. The eastern branch 
of this stream turns round the Mull towards Ailsa and the Clyde, a 
portion passing round Sanda up Kilbrannin Sound and Loch Fyne. 
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** The main body sweeps to S. by E., taking nearly the general direction 
of the channel, but pressing more heavily on the Wigtownshire coast; otf 
which it has scooped out a remarkable ditch, upwards of twenty miles 
long by about a mile only in width, in which the depth is from 400 to 
600 feet greater than that of the general level of the bottom about it. 
Near the Mull of Galloway the stream increases in velocity to five knots, 
the eastern portion turns sharply round the promontory towards the 
Solway, and splits off St. Bee's Head ; one portion running up the Sol- 
way, and the other towards Morecambe Bay. 

** The central portion from a midway between the Mull of Galloway and 
the Copeland Islands, presses on towards the northern half of the Isle of 
Man, and while one portion of it flows toward the Point of Ayre, the 
other makes for Contrary Head, and is there turned back at a right 
angle nearly to its early course. Passing Jurby it reunites with the other 
portion of the stream, and they jointly rush with a rapidity of from four 
to five knots round the Point of Ayre, and directly across all the hanks 
lying off there, and catching up tne stream from the south channel off 
Maughold Head, they hurry on together towards that great point of 
union, Morecambe Bay. This bay, the grand receptacle of the streams 
from both channels, is notorious for its huge banks of sand heaped up in 
terrible array against the. mariner unacquainted with its locality, and 
also remarkable for a deep channel scoured out by the stream, and known 
as the Lnno Deep, which, to the wary navigator, is the great hidden 
beacon of his safety, and serves him, alike in fog or in sunshine, as a 
guide to his position, and to a harbour of safety in case of need. 

^ We have now only to speak of the western limit of the stream, which 
we left off Torr Head running at a rate of four knots off the pitch of the 
point Hence it strikes directly towards the Maidens, boiling over the 
Hig^hlander and Russell rocks, and other reefs in the vicinity of that 
dangerous group; and takes the direction of the coast again from Muck 
Island to Black Head, at the entrance of the Lough of Belfast, which 
it fiUs. 

*' The portion of the stream which sets up the Lough splits again off 
Grey Point; one portion flowing up towards Garmoyle, while the other 
bends back along the shore of Bangor, Grimsport and Orlock, and blends 
with the general stream which has come on from the Maidens and Black- 
head, and passes with it through the sounds of the Copeland Islands. 
Hence it proceeds along the coast, brushes the South rock, and runs on 
towards St. John's Point; off which, the stream, like that coming from 
the southward, expends itself in a large space of still water, which re- 
mains undisturbed although pressed upon by streams from various 
quarters. 

** Such is a general description of the streams in both channels which 
attend the flowing of the water, or which, for the purpose of distinction, 
we may designate the ingoing stream, 

*• The ebbing or outgoing streams do not materially differ from the re- 
verse of these, except that in the southern channel they press rather more 
over towards the Irish coast. 

** This is a general idea of the course of the streams throughout the 
Irish Sea, represented in Plate II.; but besides these there are (as usual) 
at all the points and headlands, when abrupt, counter streams or eddies 
beginning at about two hours after the offing stream, increasing with the 
strength of the tide, and occasioning races and overfalls at the places 
marked on the chart. In the direction of the offing stream there is as 
little variation of the current at the different hours of tide as will be met 
with in any sea of similar extent, and indeed it is only with the slacken- 
ing of the tide that the variations occur, which happens from about forty 
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minutes before to about forty minutes after high or low water at More- 
cambe Bay. 

During the time these observations on the stream were in progress, 
others were made upon the rise and /all of the water at several stations 
in the channel, and wherever practicable at places in the offing. By 
combining these observations with the range of tide on the coast of 
Ireland, published in Professor Whewcirs admirable paper on the Tides 
in the * Philosophical Transactions' for 1836, Part IL, and with observa- 
tions made by Captains Robinson, Denham, Frazer, Sherringbam, 
Williams, &c.. Captain Beechey constructed a chart of lines of equal range 
of tide, Plate I. in order that the seaman may ascertain by a simple in- 
spection of the chart, wherever he may be placed in the channel, the 
amount of spring range to which he has to adapt his soundings. In this 
chart the lines denote the range of tide at the places over which they 
pass, on a day when a spring tide at Liverpool rises thirty feet. 

** In the Irish Sea it was found that the place of the water at the half- 
tide interval did not correspond with that of a mark at the half range of 
the wave, but that it was always below it, showing that the upper half of 
the wave rose and fell more rapidly than the lower. It was also found 
that the curve of the Irish Sea tide did not correspond with that of the 
Bristol Channel tide; that neither followed the law of the sines to cor- 
responding arcs of tidal intervals. 

** In connection with the range of tide is that of the apparent mean 
elevation of the water. All the observations confirm the remark of 
Professor Airy (Phil. Trans. 1845, Part L p. 31.), viz., that this mean level 
is higher at the springs than at the neaps. The mean place of the water, 
however, for an entire lunation, during the summer months at least, is 
tolerably constant, and affords a fair standard to which the reductions 
used in our nautical surveys may be referred in the event of the gauge 
being removed by which the observations were made; annexed is the 
result of observations made at Holyhead during nearly four entke years. 

APFASENT KEAN PLAGE OF T&E WATER, AT H0LTHEAD. 



Month. 


1888. 


1889. 


1846. 


1847. 


Mean of 
Months. 


January ... 
February... 

March 

April 

May 


ft. in. 

II 3i 
lo 6j 

10 I 
lO I 
lO 2 

• • • • 

lO I 

lo 6 
lo 4 
lo 6J 
10 7 
lo 7 


ft. in. 
lO 6 

10 3 

10 2 

9 10 
9 9 

lO I 
lO ij 

9 lo 
lo 7 

lo 3i 

10 2^ 

11 2 


ft. in. 

• • • • 

• • • • 

• • • • 

• • • • 

lO oj 
10 4 

10 if 
10 I 

11 I 
10 8 
lo 7i 
lo 6 


ft in. 

10 7 

9 10 

lo 4 

9 lit 
9 lit 
9 lof 
9 lof 
10 3i 

lO lO 

lo 9f 

10 II 


ft. in. 

10 9J 
10 2i 
10 2i „• 

9 "hi 

9 "11 

lO 0|(g 

lo cfjl 
lo 6f ^ 
10 7 
10 6| 
lo 9J 


June 

Julv 


August 

September. 
October ... 
November . 
December . 


Mean of the 
year 


lo 5 


lO 2i 


lo 5i 


lo 3i 


10 3i 



"All the tides of the Irish Sea partake of the nature of river tides in 
having their ebb longer than their flood, except those of Tuskar and 
Holyhead, which are the reverse. The respective intervals are given in 
the order in which the places occur. 
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WBJkTlOV Of TIDS. 

Rising. Falling, 

h. m. h. m. 

Tnskat 6 >7 ,. 6 8 

Bardsey . 5 24 .. 6 52 

liolyhead 6 18 .. 6 o 

Peel, Isle of Man .... 6 o . . 6 15 

Ramsaj, Isle of Man. . 5 48 .• 6 35 

Fleetwood 5 46 . . 6 39 

^ All these are the mean of many observations. 

'^Tbe change at Holyhead is remarkable, and if we follow the durations 
up to Ramsaj, we shall see that Feel aHiaOf an intermediate station, is 
affected. The canse of this may possibly be connected with the effort of 
the water to maintain its level) for in projecting the curve of the wave 
on paper, this pecaliarity, in connection with the very short flood of 
Bardsey, has the effect of reducing the curve from what it would assume, 
were Holyhead similarly influenced with other places. 

Captain Beechey proceeds to trace the course of the stream from 
Pembroke to the Land's End; to connect the tides of the Irish Sea with 
those of the Bristol and English Channels, and flnally with those of the 
ofiing. His following observations will be explained by reference to 
Plates in. and IV., which shew the tidal streams in the English and Irish 
Channels respectively. 

** It seemed evident that the water was influenced by forces acting in 
opposition nearly to each other, and that there was a tide in the offing 
whose streams of ebb and flood did not correspond with those of the 
channels. By applying this idea first to the English Channel, the ob- 
servations responded to it; and carrying if to the ofling of the Irish Sea, 
and considering that channel as comprising the Bristol Channel within 
its limits, as the English Channel does the Gulf of St. Malo, the idea was 
confirmed so far as the observations themselves extended. This offing 
stream appears to be of great extent, setting to the north and south along 
the coast of Biscay and the British Isles, running six hours nearly each 
way, and exercising an influence with more or less effect over all the 
waters of the channels and estuaries it passes in its progress, diverting 
their courses, and in some cases, when the streams oppose, wholly over- 
powering or reversing their direction. From the connection of the 
observations of the Irish Sea with those of the Bristol Channel, it is clear 
that the whole of the ebb or outgoing stream of the eastern half of the Irish 
Channel runs into the Bristol Ciiannel, and forms the flood or ingoing tide 
of the northern half of that great estuary; and vice versa the ebb or out- 
going stream from the northern half of the !&'istol Channel,forms the flood 
of the Irish Sea, each tide passing to and fro with great rapidity round 
St. Govan's Head. The centre and southern half of the Bristol Channel 
receive their waters from the offing and the English Channel, the coast 
stream bringing the waters up from the Land's End and the English 
Channel, as the stream on the northern half did those of the Irish Chan- 
nel, and vice versSi, 

** The great offing stream at the entrance of the English Channel ex- 
tends its influence as far up as Cape La Hague, beyond which, owing 
perhaps to the sudden contraction which there occurs in the Channel, the 
stream suffers no interruption, but, as in the Irish Sea, passes up and 
down the Channel six hours nearly each way as far as a line joining 
Dnngeness and Cape Grisnez, the apparent virtual head of the tidal 
channel. Here the influence of the North Sea stream begins to be felt, 
and here, as in the Irish Channel, again the time of high and low water at 
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ihe virtual head of the tide regulates the turn of Hie up and down stream 
along the whole channel as far as the contraction. Beyond this the offing 
stream being governed bj its own high water, and that occurring at 
about six hours earlier than that of the head of the channel, the offing 
stream either butts against the returning streams from the channels, or 
withdrawing its water, solicits their streams and thus alters their course, 
making them for the most part set across the Channel in curves more or 
less bent as the spot is more or less removed from the offing ; so that 
there seems to be but one hour's tide each way that passes clean down 
the Channel from Beachy Head to Scilly, and round the Land's End to 
Bristol. The outgoing stream from Beachy Head encounters the ingoing 
stream of the offing tide somewhere about the Start Point, and both are 
turned down into the great Gulf of St. Malo, which seems to receive the 
accumulated waters of these opposite tides. 

" Whether or not this influx is instrumental in raising the water here 
to the extraordinary height of forty-seven feet perpendicular range at 
springs, or whether it be owing to its form and position as regards the 
advancing tide wave, is a problem; but it is a coincidence that cannot 
escape observation, that this spot, like the Bristol Channel, is the concen- 
tration of streams from opposite directions; that it has its waters raised 
to the same extraordinaiy elevation nearly to a foot, and that its time of 
high water is nearly the same. 

*' On the change of tide, this great bay, like the Bristol Channel, as it 
received so it returns its waters in opposite directions, the tide splitting 
somewhere between Aldemey and the Start; but here especially, as also 
in a similar locality in the Irish Channel, we are in want of observations. 

" hi tracing these streams, it was impossible not to be impressed with 
the many coincidences which assimilate the tidal phenomena of the two 
channels, so much so as to render it probable that they are subjected to 
precisely the same laws. 

** Considering the Irish Channel to extend fi'om a line joining the 
Land's End and Cape Clear to the end of the tidal flow, which is either 
at Morecambe Bay or Peel, in the Isle of Man ; and the English Channel 
as reaching from a line connecting Ushant with the Land's End, to the 
end of its tidal flow, or to Dungeness. We shall then see that the 
English Channel, from its outer limit to the end of its tidal stream, is 262 
geographical miles, and that the Irish Channel, from its western limit to 
the end of its tidal stream, is nearly the same; being about 265 geograph- 
ical miles. In both channels the stream enters from the south-west, and 
flows up until stopped by a counter stream. In both channels there is a 
contraction of the strait almost midway, by the promontories of Cape 
La Hague in one instance, and St. David's Head in the other, and at 
very nearly the same distances from the entrance. This contraction is, 
in both cases, the commencement of the regular stream, which flows six 
hours nearly each way, the turn of the stream throughout coinciding unth 
the times of high and low water at the virtual head of the channel^ situated 
in both cases about 145 miles above the contraction, and that time being 
very nearly the same, viz., lOh. 50m. at full and change; below this con- 
traction, away from the land, the stream in both cases varies its direction 
nearly every hour, according to the force exerted upon it by the opposing 
offing stream. 

** In both cases, between the contraction and the southern horn of the 
channel, there is situated a deep estuary, the Bristol Channel and the 
Bay of St. Malo, in which the times of high water coincide, and where, 
in both cases, the opposing streams meeting in the channel pour their 
waters into these gulfs, and where the tides in both places rise to the 
extraordinary elevation of forty-seven feet at the syzygies. From th« 
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Land's End to the meeting of these streams in the Brifitol Channel is 
seventj-five miles» and from Brest to the meeting of the streams off 
Guernsey the same. A still further coincidence is apparent l)etween the 
phenomena of these channels. In one, at a place called Courtown, a 
little above the contraction of the strait, and at 150 miles from Cape 
Clear (its entrance), there is scarcely any rise or fall of the water; and 
in the other channel (about Swan age), situated also a little above the 
contraction of the strait, and just 150 miles from the land's End, there 
is only five feet rise of the water at a spring range. In both cases these 
points of small range of tide are situated on the opposite side of the 
channel to that of the high elevation above mentioned, and in both cases 
these spots are the node of the tide-wave (on either side of which the 
times of high and low water are reversed). And again we trace a simi- 
larity in an increased rise of the water on the south-east sides of both 
channels abreast of the virtual head of the tide: at Liverpool in one case, 
where the range amounts to thirty-two feet, and at Cayeux in the other, 
where it is thirty-four feet. 

" It may also be shown that the progress of the tide-wave along the 
side of the channels opposite the node is not very dissimilar. Reckoning in 
both cases from the line which we have before drawn, as the outer limits 
of the channel, we find that in the English Channel, from this line to 

Cherbourg, opposite the small range of tide, — 

Miles 
per hour. Mile^. 



The wave travels . . . . . . . . 50" 

In the Irish Channel, from a similar line to 

Bardsey, it travels ... . . . . 52 

From Cherbourg to Havre . . . . • • 3 ^ }■ S 

From Bardsey to Holyhead . . ..16 

From Holyhead to end of tide . . . . 78 

Dieppe to the end of the tide . . . . . 75^ 



a a 



S = 

OS o 



616 

649 

397 
193 
959 

92Z 



These numbers are given roughly, merely for the purpose of showing the 
general resemblance in the character and motion of the wave ; and it is 
probable a more judicious selection of positions and numbers would 
^ve a still nearer coincidence. Besides which we are somewhat uncer- 
tain as to the establishment at our starting-point. As a comparison, 
however, the numbers run fairly together. In both cases the retardation 
of the tide-wave about mid-channel, and the great elongation of the wave 
towards the end of the strait are remarkable, especially in the Irish Sea. 

'* Lastly, we may notice a singular coincidence in more respects than 
one, indeed, between the situation of the node placed by Professor 
Whewell in the North Sea, and a corresponding point of small range 
and inversion of tide at the back of Kintire. The node or hinge of the 
tide in the North Sea is curiously enough situated as nearly as possible 
at the same distance from the head of the tide off DungenesSj as the node at 
or near Swanage is on the opposite side of it; and the node at Kintire 
communicated by Captain Robinson, is about the same distance from the 
meeting of the tide in ihe Irish Sea as the North Sea node is from the 
meeting of the waters off Dungeness, and is similarly situated with 
respect to the node of Courtown as the North Sea node is with regard to 
Swanage** The forthcoming part of the "Philosophical Transactiorts '* 
will contain a most interesting extension of Captain Beechey's investiga- 
tion on the tides of the English Channel. ( See Appendix. ) 

We have given this example of the Irish Sea with Captain Beechcy's 
remarks at great length, because it is a type of what we find practically 
and may expect from theory in the development of the simple tidal wave, 
and the numerous offshoots or minor vibrations, and the secondary efforts 
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produced by Mr. Airy's **^ forced tidal wave*** These great Tibrations 
follow the deepest and smoothest channels with their majumam velocity^ 
and are retarded by laws wiMch there is no doubt eooki be strictly de- 
fined, il we had the natoce of bottom, and other disturbing ibrces, as 
elements in the calcnlatioo* It i» evident that the primary,, or great 
tidal wave, passes in at each end of the ehaiMiels with the deepest line of 
sounding ^ this produces the alternate overflow and recession of the cei»- 
tral volume towards the coasts, while the offing tide,, which it described 
as apparently passing across the entrance of the channels^ is nothing 
more than the same eileet of a great succession of wa^es, following tlie 
disturbing or creative cause round the globe,, and turning over towards- 
the gradually shoaling of the bottom, approaching the ]foitish Isles,, 
where again, the line of least resistance is taken up the channels, by the 
diverging waves^ On reference to our remarkf on the various risers and 
estuaries of which we have given the phenomena from accurate e3q)eri- 
ments, we see precisely the same effects produced, although Areq^ntly 
developed to a greater degree by rapid diminution of width and depth,, 
or trice versa ; and in facing the action of both the hydrodynamie and 
the vibratory action of water, we must always recc^lect that it is- a nom 
elotatic fluid ;. so that wherever at a point, in a given channel, there |is 
want of area, we have increased head or oscillation, and as a secondary 
effect,, increased velocity ; while on the other hand, where there is cessa- 
tion of velocity, we have increase of area. So, where the bed and banks 
are capable of being acted upon, (and what are not?) we find invariably 
that, unless perfection of regularity exists, there is perfect irregularity ; 
that is to say, for every indentation there is projection — for every depth 
too great there is depth too little ; for everv variation above the mean, 
or true velocity,, we have a similar falling beIoi» the mean y. a perpetual 
recurring equilibrium which is attained by velocity or depths by time 
or space. 

Thus it is the great law of equilibrium which indicates what should 
be the proportion of artificial hydraulic construction ; the more nature is 
aided iu creating such equilibrium, the more rapidly are her powers 
developed ;. by deepening, and straightening, and reducing into tram 
any channel or tidsA river, we get nature to aid in producing the efieet» 
calling in assistance of a tenfold effect, because it is one developing upon 
itself, and generating new powers firom the combination* 

We subjoin remarks from Airy's Treatise in reference to the cotidal 
lines of the globe,, as they have especial relation to the question of 
depth and its effects. 

** In all places where the circumstances of depth, &c^ vary much in a 
small extent of sesi^ we may consider the alteration in the tides through 
that extent as following simply the laws of waves on which no force is 
acting, (because the length of i'le column oi water on. winch the sun ox 
moon acts is too small to allow their attraction sensibly to modify their 
pressures.^ Suppose now that in the neighbourhood of any particular 
coast, the bottom sfaelires gradually from deep- sea to one comparatiicely 
shallow. This would be attended, theoretically, with two conseauences.. 
The first is, that the wave would travel more slowly, and therefore the 
separation of the cotidal lines corresponding to successive hours would 
be less, or the cotidal lines woi^ appear to be crowded together on the 
mapw The second is,, that the magnitude of the tides wouid be miach 
increased. And these circumstanees might be found in places where 
the change in the depth was not known from observation^ for the usual 
limit of sounding is 300 fathoms,, which is probably a small quantity 
compared with the depth of the ocean. We may then expect that, where 
the cotidal lines approach closely, the magnitude of the tides will be 
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increased. Now this does occur. A well-marked instance is the Bay 
of Sl Geor^ in South America, in which a close approximation of 
cotidal lines is accompanied with large tides. It is possible here that the 
tides may be still further increased bj the converging form of the waves. 

**Another curious effect of the same cause is the distortion of the lines 
produced by islands, surrounded by shoals, in the ocean. The shoals 
prevent the tide-wave from advancing rapidly, and the cotidal line is 
therefore thrown back; but, conceiving the ridge of the wave to be thus 
bent, it is easy to imagine that after passing ue island the two lateral 
parts of the wave will bend round it till they unite, and will then form 
a straight front nearly as before coming to the island. The successive 
cotidal lines will have forms corresponding to the forms of the ridge of 
this wave at successive times. Of this there are several instances ap- 
parently beyond doubt. Thus the I o'clock line is Uirown back by the 
Azores; the 11 o'clock line is bent by the Bermudas, and its lateral 
branches nearly meet; the 10 o^clock line, after having been interrupted, 
just meets behind New Zealand. A similar effect of the same cause is, 
the universal dragging of the wave along the shore. 

** The velocity of the tide-wave ought, with the assistance of the table, 
to give us good information as to the depth of the sea. Thus in the 
North Sea, Sie tide-wave in 9 hours appears to describe somewhat less 
than 6 degrees of latitude, or, on the average about 45 miles per hour. 
This, by the table in page lii., corresponds to a depth of UO feet We 
believe that the averaee depth along the line of deep channel is greater 
than this, and that at the sides less ; and it is probable that the actual ve- 
locity is effected by both these. If the tide-wave of the Atlantic were 
purely derivative, it might be considered as describing 90 degrees of lati- 
tude, from the southern 1 o'clock line to the northern 1 o'clock line, in 12 
hours, or to move about 5$0 miles per hour; which would imply a depth 
of about 18,000 feet or 3^ miles. The reader will have no difficulty in 
extending similar remarks to other seas ; in this, Plate Y. will assist his 
inquiries. 

In closing this part of our remarks we quote from Dr. Whewell's paper 
on the Ti&s, read to the Royal Society in December, 1847, relating 
chiefly to the tides of the Pacific and the diurnal inequality. He remarks 
that the cotidal lines in the observations of 1834 and 1835 shewed one 
feature, viz., their meeting the shore at a very acute angle, and following 
its flexures with an almost parallel course at a little distance, and that 
consequently the tide-wave which runs up the middle of a channel is 
very much in advance of its place at the sides; this is quite in harmony 
with the laws of fluids, and with the effect of friction and decrease of 
depth along shore. 

OH THE DITJBHAL INEaUALITT 

Dr. Whewell remarks that it was noticed by Newton at Plymouth and 
Bristol, and has been commonly called the difference between the day 
and night tide, which is in fact only a temporary distinction. 

**It depends upon the moon's declination, and changes to alternate 
tides when the moon's declination changes from north to south, and vice 
versd. Its rule is expressed in the following form: — 
For moon's N. ( Add to the tide following moon's South transit, 

declination ( Subtract from the tide following moon's N. transit, 
For moon's S. ( Subtract from the tide following moon's S. transit, 

declination ( Add to the tide following moon's N. transit, 
the quantity added or subtracted being greater as the declination is 
greater; and the declination being taken for one, two, or three days 
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previons to the tide. According to this law, the inequality has heen in- 
troduced into the Tide Tables for Liverpool, Bristol, and Plymouth, as 
given at page 80 et seq. 

** This rule of the diurnal tide may , for some months, produce the effect 
of making the afternoon tides greater than the morning tides, or vice 
versa. Suppose the place to be one where the tide happens (in general 
terms) soon after the moon's (south or superior) transit; then, beginning 
from new moon, the afternoon tide for a fortnight follows the south 
transit of the moon. Supposing that during this fortnight the moon has 
north declination; then the diurnal inequality is additive by the rule, 
and therefore the afternoon tide is, during this fortnight, the highest. 
Now at the end of a fortnight of north declination, the declination changes 
to south. But at the end of a fortnight, the afternoon tide begins to be 
that which follows the north or inferior transit of the moon ; and there- 
fore again, by the second part of the rule, the inequality is still additive, 
and the afternoon tide is still the greater. And this will continue to be 
the case till the points of no lunar declination are shifted away from the 
syzygies by the motion of the moon*s nodes relative to the sun. But if 
the declination pass from north to south, or the reverse, at a different 
period from that which transfers the afternoon tides from one transit to 
the opposite one, we shall no longer have this apparent constancy in the 
relation of morning and afternoon tides. If, for instance, the tide-hour 
being such as has already been supposed, the change of declination, 
north and south, takes place when the tide is at four, five, six, or seven 
o'clock ; the afternoon tide will then (or rather one or two days later) 
change from being the greater to being the less, or vice versa. Or if the 
tide-hour be six o'clock, the tide being (in general terms) six hours after 
the moon's transit, the afternoon tide will follow a south transit of the 
moon from the time when the moon is six hours west of the sun to the 
time when she is six hours east of him, and then change and follow a 
north transit! and so on alternately. Hence, if in this case the moon's 
ascending node be at six hours west from the sun, the declination will be 
north while the afternoon tide follows a south transit, and therefore the 
afternoon tide will be the greater for the whole lunation. But if, in this 
case, the node be in conjunction with the sun, the afternoon tide will 
change from smaller to larger, or the reverse, at the syzygy, that is, when 
the tide is at six o'clock ; or rather, a day or two later. 

** This last-mentioned circumstance, that the change in the features of 
the tides takes place a day or two, or perhaps longer, after Jhe astrono- 
mical configuration by which it is determined, is common to all the 
empirical laws of the tides. It has recently been shown by Mr. Airy 
that this is a result which follows from supposing the tidal motions of the 
sea to be affected by friction. The amount of this retardation of the 
phenomena for each place, or, as we may term it, the * age of the tide ' 
relative to the diurnal inequality, is different for different places; and 
must, for each place, be learnt from observation;" as is shewn in our 
•* Tide Tables for British Ports." 

**The inequality of heights appears in the zigzag form of the line 
drawn through the summits of ordinates projected from the heights of 
successive tides. This zigzag structure is sometimes of a moderate 
degree of abruptness, as in the tides of the coast of North America, and 
of Portugal, and those of Plymouth, and sometimes extremely abrupt, 
as the heights of low water at Singapore. In this latter case, the diurnal 
inequality sometimes makes a difference of no less than six feet between 
the height of the morning and afternoon tide; the whole rise of the mean 
tide being only seven feet at springs, and the difference of mean spring 
and neap tides not more than two feet. 
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" While in some places it affects the heights, and at other places prin- 
cipally affepts the times, for instance, the diurnal inequality which alters 
the low water four feet at Port Essington, and six feet at Singapore, 
affects the high water to a still greater extent in the Gnlf of Cam bay, 
and disturbs the times at the entrance of the Persian Gulf. 
' **It tras remarked on the occasion of the observations of 1835, tlmt 
the diurnal inequality on the coast of North America foIIowe(l the 
changes of the moon's declination almost instantaneously; while on the 
coasts of Portugal, Spain, and France, the changes of lunar declination 
were represented in the diurnal inequality two or three days later; and 
at the Cape of Good Hope, about the same time." Dr. Whewell considers 
that this feature throws great difficulty in the conception of that motion 
of the waves by which the tides are produced, and suggests the necessity 
of some new mode of conceiving that motion. But we think the discrep- 
ancies are rather indicative of geographical and local difficulties in the 
form of the ocean bed, than any interference with the laws of fluid motion, 
which, however complicated in their details, are simple in their original 
forms. It is very certain that some of the most remarkable tides in the 
British coasts— as, for instance, the 18-inch spring-tide rise on one side of 
Fairhead, and the four-feet rise at a like distance on the other side of 
the same point, accompanied by terrible races and currents — similar 
phenomena also occurring at the Bill of Portland — are each and all 
mainly caused by bluff underwater cliffs, which directly reflect the tidal 
wave out of its course. 

Plate V. is a cotidal chart of the globe, partly from Mr. Airy's treatise, 
and corrected from Mr. WhewelFs paper above quoted ; undoubtedly 
the coast lines give a vast amount of information touching the tide hours, 
and times of high water approaching various shores and islands; in one 
point, however, we would suggest that there is room for much greater 
inquiry and speculation. As the tidal wave first proceeds from the sun 
and moon direct, much as if the ocean were pulled up over an enormous 
area, and then suddenly or as rapidly dropped again, it is clear that the 
wave must traverse, almost unchecked, in the depths of ocean adjacent to 
the equator; from this region it is natural to suppose, on the same 
principles of which we have positive proof in our channels and estuaries, 
that the waves diverge in a circular form, with velocities varying as in- 
fluenced by depth and friction. Unfortunately deep sea tides are beyond 
reach of experiment; but we imagine that it would meet the requirements 
of theory if the cotidal lines in the southern hemisphere were adjusted 
as encircling or radiating from the equator, as those in the northern 
side are shown to do; this would affect not the hours along shore of 
South America, New Holland, and the Polynesian Islands, but the 
supposed direction in which the tide- wave works up the coasts; and 
if we take this view of the theory, it may account for many anomalies 
in the tides of the complicated region round Singapore. Mr. Whewell's 
remark that the cotidal lines always run almost parallel to the shore, 
indicate how immediately the tide is retarded in velocity when coming 
out of deep water, and how large must be the radius of each progres- 
sive wave; his own remarks indicate the above hypothesis. 

With regard to the semi-diurnal tide, we find it practically perceptible 
in the Thames, and it is also visible in the tides of the Humber. In a 
tidal canal branching from the Thames, which is under our management, 
it is found that at neap tides the inequality is highly useful by enabling 
advantage to be taken of the highest tide for keeping up the Vater to a 
better working level, there being occasionally nearly two feet difference; 
we have also experienced a similar advantage by the lower ebbing out in 
erecting tidal works at Plymouth. 
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TIDES OF BIVERS AND ESTXTABISS. 



With a view to a more general knowledge and comprnison of tbe tfdal 
phenomena of English rivers, we hare formed a Collection* of the prin- 
cipal characteristics of their tidal flow and ebb^ of the velocitj of the 
tidal wave, and other accompanying circumstanees, sach as the depth, 
width, and sectional area^ and also the actnal relative level of the water 
or tidal wave, at variom points in the coarse of the respective rivers. 
We have collected the whole of the matter at tbe end of this artiele, 
amounting to twentj-two consecntive pages, viz,-^ 

Tidal phenomena of the 



Thames... 2 pages. 
Waveney 3 „ 

Nene 1 „ 

Humber..! „ 
Tay 1 „ 



Tyne ...... 4 pages. 

Clyde 3 „ 

Mersey ...3 „ 

Dee 1 „ 

Severn ...3 „ 



And we have closed them by a schedule of the size of Docks in the 
United Kingdom, depth of cills, and other information, nsefal to shew 
the capability of the different ports, and accommodation in relation to 
their natural flow of tide, additional information on whieh is also given 
in the tables of the Tides of British Ports. 

The following preliminary remarks upon each example will give all 
that we have been able to collect; they should be read in conjunction 
with the tables of the tidal phenomena relating thereto. 



THE BIVEB THAMES. 

The river Thames has now a free tide-way up to Teddington XiOck, 
near Richmond, but previously to the removal of old London Bridge it 
was, for all practical purposes, held up as by a weir at that point. Much 
discussion arose on the probable effect of its removal, and Messrs. Kennie 
conducted surveys for the city, at various periods, by Mr. Giles and 
others, to ascertain the probable effects ; to save the reader labour 
of going through all the observations so ably put together by Mr. Kennie 
in his papers on Hydraulics, in the Reports of the British Association, 
we have laid together the following remarks and tables from this and 
other sources, endeavouring to trace down the various improvements and 
alterations in this great river ; a careful perusal of the following state- 
ments will show to the student or others seeking for examples, the enor- 
mous advantage produced by removing obstacles to the full tidal flow. 

Mr.Rennie quotes from the Philosophical Transactions for 1720, observa- 
tions, taken in Lambeth Beach, of the Thames, by Mr. Saumarez, 8th and 
19th June, 1719; we place them here in juxta-position with the present 
state of the river, showing the enormous changes that have been produced. 

* The colfbction has of course been gathered from various sources, as acknowled^d 
in each case. Unless very great liberality had been shewn to me by Mr. Ren del and 
other friends, I could not have attempted the labour. One endeavour has been to adopt 
none but what could be relied on as strictly engineering surveys, and of undoubted 
accuracy. 
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1720. 1849, 

Time of Flood Spring Tide 3 60 5 15 

Ditto Ebb do. 8 40 7 5 

Time of Flood Neap Tide 4 50 6 

Ditto Ebb do. 7 85 & SO 

1720. 

Miles run by Flood Spring Tide . . 5.25 \ 
Ditto Ebb do. . . 10.50 f Present facts 

Ditto Flood Neap do. . . 4.75 ( not knows. 

Ditto Ebb do. do. . . 7.75 / 

In the river Thames the tidal wave is now affected mnch less from 
friction and obstacles than might be expected. From reference to Mr. 
Lloyd's observations on the rise of the tides at Sheemess, with the 
mean of Mr. Lubbock's at the London Docks, it appears that in 1828 — 

Feet. Feet. 
The spring tide higli water at the London Docks, abore the 
same at Sheemess, was 2.086 

0.207 ^ 
The mean high water ditto ditto 2.248 

0.105 
The neap tide ditto ditto 2.868 

0.690 
The spring tide low water ditto ditto 1.662 

0.868 
The mean level of the tides ditto ditto 2. 086 

Or, taking more correctly the half difference between spring 
high and low water at Sheemess, the mean spring level is... 1. 725 

It seems, from the above summary, that as the water decreases in 
height, so the height of the water's surface at London Docks above the 
same at Sheemess also decreases, with the exception of spring tides at 
the London Docks and at neap tides. The above are means, not of the 
highest tides, but of the tides at a particular time of the moon's southings 
Trinity high* water mark at London Bridge was found by Mr. Lloyd 
to be 1.904 above mean spring tide high-water mark at Sheemess. 

With respect to the influence of the winds on these tides; during strong 
north-westerly gales, the tide marks high water earlier than otherwise, 
and does not give so much water, whilst the ebb tide runs out later and 
marks lower ; but upon the gales abating and the weather moderating, 
the tides put in, and rise much higher, whilst they also run along after 
high water is marked, and with more velocity of current ; nor do they 
run out so long or so low : a south-westerly gale has a contrary effect 
generally, and an easterly one gives some water; but the tides in all 
these cases always improve the moment the weather moderates. 

Comparing observations taken at spring tides, for three days in 
March, 1833, before Old London Bridge foundations were removed, we 
find that high water at London Bridge was 1 hour 37 minutes after 
Sheerness j whereas now, in 1851, it is only 1 hour 20 minutes at spring 
tides, later than at Sheemess. 

Ft. Ins. 

In March, 1833, the rise of tide at Sheemess was 18 7 

Ditto ditto at Fresh Wharf 20 5 

Ditto ditto at New London Bridge 18 3 

Comparing the rise of these tides with those of June, 1849, at page Ixxxii, 
it will be seen that London Bridge (although the old fall of 2^. 2ins. is 
long since obliterated) is still the culminating point of the tidal wave of 
the Thames, owing to the narrowness of the river at this point, and 
quantity of ships at anchor in the pool; thus — 
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Time. 
Ft. Ins. H. M. 

Spring tide, June 20th. 1849, at Deptford 20 8 ... 1 15 

Ditto ditto at Loudon Bridge 20 11^ ... I SO 

Ditto ditto atBattersea 19 8 ... 2 

Ditto compnted for Sbeerness 18 7 ... 11 55 

Bat the most striking instance of the change in the tidal head of the 
Thames is shewn hy the following comparison of the 

TIME AND HEIGHTS OF HIGH AND LOW WATEB, in 1823 & 1845. 



Datum 20 feet below Trinity High Water, in this and all other Tables of 

the River Thames. 



SFBING TIDE. 





April 29th, 1823. 


April 25th, 1845. 


Statioiui. 


High Water. 


Low Wateb. 


High Water. 


Low Water. 




Time. 'Height 


1 
Time. Height 


Time. 


Height 


Time. 


Height 


London Docks 


a.m. 

H. H. 

4 15 

5 I 
5 13 

5 40 

6 28 


Ft. Ins. 
19 

18 9 

19 
19 7 
21 9 


a.m. 

H. M. 

II 18 

p.m. 
045 

1 5 

2 20 

4 59 


Ft. Ins. 
17 6 

8 6 

9 8 
»3 5 
20 II 


p.m. 

H. M. 

4 13 

4 50 

5 

5 15 

6 


Ft. Ins, 
20 3 

20 I 

20 
20 2 
20 11^ 


pjn. 

H. H. 

II 45 

40 

1 15 

2 20 
a.m. 
10 


Ft. Ins. 
19 3 

5 7 

6 4 
10 8 


Battersea Bridge 

Putney Bridee 


KewBrid&re 


Teddington Lock ... 


17 8i 



KEAF TIDE. 





Hay 5th, 1823. 


May l8t, 1845. 


Stations. 


High Water. 


Low Water. 


High Water. 


Low Water. 




Time. 1 Height 


Time. 


Height 


Time. 


Height] Time. 


Height 


London Docks 


p.m. 
H. u. 

9 7 
JO 8 

10 31 

1049 

11 50 


Ft. Ins. 
J5 3 

14 II 

15 2 
15 10 

»9 4 


a.m. 

H. H. 

3 ai 
5 38 
635 
8 15 

10 40 


Ft. Ins. 
I 9 

6 2 

8 3 
II 8 
19 


a.m. 

H. M. 

9 45 

10 25 

10 55 


p.m. 
20 


Ft Ins. 

17 

16 10 
16 II 
19 

18 4i 


a.m. 
h. m. 

4 35 
p.m. 

6 10 
a.m. 

7 10 

9 15^ 
(I o* 
■j p.m. 


Ft. Ins. 
I 


Battersea Bridge 

Pntnev Bridsre 


5 4 

6 II 


Kew Bridere 


If Q 


Teddington Lock 


17 loj 

J2J^ 



• This is evidently not the time of the commencement of the flood, but the time of 
low water; the down stream continuing for some hours afterwards. 
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COKPARATIVE SECnOlTS BETWEEN WESTMIKSTEl AHS LONDON 

BSIDGE8. 

Taken in 1823 and 1831 by Messrs. Rennie, and in 1846 hy Mr. Page< 



Xoeality. 



230 yards north of Westmin 
ster Bridge 



Near Whitehall Stairs . 
Near Hungerford Stairs. 
Waterloo Bridge 



BoQVerie Street 

Between Blackfriars & South 
vark Bridges 



London Bridge 



Area below Low 
"Water. 



1823. 



Sup. Ft 

3.939 

4»757 
3,891 

3.75* 
4.331 
S.976 



1831. 



1845. 



Sq. Ft. 

3.487 
6,570 
3,920 

3.947 
3,900 

3.38X 



Sq. Ft. 
5,64* 
6,845 
6,458 
4,276 

6,153 
4.3*0 



Area below Trinity 
High Water. 



1823. 



Sq. Ft. 

19.348 
21,168 

19.974 
20,570 
18,291 
16, 958 
7.360 



183L 



1846. 



Sq. Ft. 

20,046 

23,660 

21, 822 

20,905 

18,210 

17,203 

1832. 

17,650 



Sq. Ft. 
ao,953 
14.744 
14.768 
22,705 
22,005 

15,460 

1834. 

17,600 



TABLE OF VELOCITIES OF FLOOD AND EBB TIDE. 

Giving the effect of removing old London Bridge. 





First 
of Flood. 


Last 
of Flood. 


First 
of Ebb. 


Last 
of Ebb. 




1831. 


1883. 


1831. 


1883. 


183L 


1883. 


1831. 


1833. 


Between 

Westminster & Wa- 
terloo Bridges 

Waterloo & Black- 
friars Bridges 

Blackfriars & South- 
wark Bridges 

Sonthwark 80 London 
Bridges 


Ft. per 
Min. 

139.8 

149.4 

158. 1 

170.6 


Ft. per 
Min. 

150.4 

172.9 

174.2 

156.6 


Ft. per 
Min. 

155-9 
184.8 

259.6 

293.4 


Ft. per 
Min. 

170.0 

209.7 

268.1 

154.4 


Ft. per 
Min. 

163.8 

186.0 

262.3 

363.0 


Ft. pel 
Min. 

170.4 

218.6 

277.7 

317.6 


Ft. per 
Min. 

169.4 

196.3 

252.0 
337.5 


Ft. per 
Min. 

191. 3 

238.9 

295.6 

287.1 





AVEBAGE LEVELS OF HIGH AND LOW WATEB, IN 1882, 

1833, AND 1834. 





No. of 


Putney Bridge. 


Kew Bridge. 


Bichmoiid Br. 


leddingtonLk. 


• 


Tides 










in 
each 


Mean Lsvbl of 


Mean Level of 


Mean Level of 


Mean Level of 


Yeai-. 












High 
Water. 


Low 
Water. 


High 
Water. 


Low 
Water. 


High 
Water. 


Low 
Water. 


High 
Watftr. 


Low 
Water. 






Ft. Ins. 


Ft. Ins. 


Ft. Ins. 


Ft. Ins, 


Ft. Ins. 


Ft. Ins. 


Ft. Ins. 


Ft. Ins. 


1832 


S8 


18 I 


8 4 


18 8 


II II 


19 3 


>5 9 


19 7 


19 4 


1833 


84 


18 6 


8 8 


19 2 


12 6 


19 9 


16 4 


19 2 


20 


1834 


89 


18 1 


7 8 


18 6 


10 II 


18 10 


14 7 


19 8 


18 Z 



k 
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TELOCirnCS of FLOOB AHS S8B TIBE, VBth JUITS, 1B34. 

(Wind W.8.W. Fresh breeze and clear). From experiments by Messrs. Beomie. 



Stationi. 



Distance 

from 
London 
Bridge. 



London Bridge .... 
South wark Bridge ... 
Blackfhars Bridge... 
Waterioo Bridge ... 
Hungerford Market 
Westminster Bridge 

Horsefeny 

Vanxhall Bridge...... 

Chelsea Coll. Stairs 
Chelsea Bridge ...» 
^-mile above ditto .. 
1 mile ditto ^.,. 
IJ do. (Wandsworth) 
Putney Bridge......^. 

8 miles .m^ 

3i miles ^.... 

4 miles 

Hammersmith Brdg, 

5^ miles 

6 miles 

6^ miles 



High Water at Lon- 
don Bridge 



Low Water 



Miles. 

o.oo 

0.28 

0.7$ 

».}4 
1.50 

X.00 
2.4Z 
a.95 
4.21 
5.04 

£-*^ 
0.04 

6.54 
7.4* 

7.54 
S.04 

8.54 
9.04 
9.20 
10.54 
11.04 
11.29 



Hood Tide. 

(Bead downwards.) 



Time. 



h. 
8 



m. 
6 



8 30 
8 53 



9 

9 

9 

9 
10 



14 

36 

SO 
3 



10 34 

10 55 

11 9 
II 20 
II 31 
II 50 

11 53 

12 6 

12 20 
12 30 
12 35 
15 

35 
45 



Height 
at 

London 
Bridge. 



Ft. Ins. 
z 9 



5 

7 
8 

9 

lo 

II 
12 
»4 



I 

o 

7 

2 

9 

2 

I 

2 



*i 
I 



pjn. 

12 30 

a.m. 

7 35 



15 10 

16 10 

17 6 

18 o 
18 9 

18 10 

19 3 



Velocity 

per 
minute. 



»9 
»9 
19 

17 
15 



4 
4 

2 
I 

7 



14 II 



«9 4 
o J 



Feet. 

0.00 
61.60 
190.08 
147. 84 
94.16 
202.4c 
160.16 
205.04 
218.24 
207.68 
188. 32 
240.24 
240.24 
*90.40 
90.64 
211.20 
188.32 
26^.00 
176. oc 
176.00 
132.00 
132.00 



Ebb Tide. 

(Sead vpwardg.) 



Time. 



h. m. 
7 34 
7 *9 

7 29 

7 7 

• • 

6 50 
6 40 
6 26 



55 

2 

47 
21 

16 

5« 
3 40 
3 »5 
3 19 
a 35 
2 II 



Height 

at 
London 
Bridge. 



Velocity 

per 
minute. 



2 o 



pjn. 
12 30 

7 45 



Ft. Ins. 

10 

1 o 
I 2 

I 6 

• • 

I II 

I 2 

4 4 

4 >o 

5 4 

5 " 

7 o 

7 3 

8 o 

8 10 

9 5 

9 7 

II If 

13 3 
1} II 



«9 4 
o 9 



Feet. 
296.56 

»75.44 
240.04 
198.88 

■ • 

X14.40 
198.00 

214.7* 
181.28 
176.00 
195. 36 

176.00 

142.56 
146.96 

176.00 
146.08 
185.68 
110.00 
119.68 
10.56 






In 1823 Mr. Giles made the average velocity of flood tide between 

London Bridge and Putney Bridge 220 feet per minnte. 

Do. Southwark and Westminster 176 



n 



n 



The velocity of ebb tide he found to be 

Between Westminster and Waterloo Bridges 176 

„ Waterloo and Blackfriars Bridges 198 

„ Blackfriars and London Bridges 242 

Finally, we give from Mr. Rennie 
The sectional area at Old London Bridge, below Trinity High Water 
Level- 
Before Removal in 1832 8,700 sup. feet. 






» 
»» 



After 



do. 



1834 17,600 do. 



At Old London Bridge the fall through was, in 1832 
Ditto do. do. 1834 

Range of Spring Tides in 1832 

Ditto do in 1834 

Low water springs below Trinity datum . . in 1832 
Ditto do. do. .. in 1834 



Greatest, 
ft. in. 



3 

16 
19 
15 
20 



6 
5 
9 
9 
5 
3 



Least. 
ft. in. 

1 10 
3 
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The foregoing remarks are in a great measure drawn from Mr. Rennie*s 
treatise. We have embodied them with other observations at our disposal, 
in order to give a picture of what has occurred by the changes of this 
important river, thus offering condensed data for future comparisons. 
The rapid changes even now daily occurring by ballasting, and by the in- 
creased area and flattening of the bed, originaUy caused by the removal 
of Old London Bridge, renders the Thames a highly instructive example; 
its present state is brought up to 1849, at pages Ixxxii-iii. 



THE RI7EB WAVEHET 

Has some of its phenomena given in the tables at pages Ixxxiv-v-vi; 
united with the Yare, it is emptied by a long narrow channel at Tar- 
mouth Pier, about 1^ miles below the town ; here it has a great obstruction 
in the old bridge, which will be shortly removed, and doubtless have a 
very happy effect upon the navigation. Our tabulated observations pass 
above Yarmouth, where the river spreads into a large lake called Burgh 
Flats; they are continued by St Olave's Bridge, where the Yare has 
divided off from the Waveney proper, and pass on to Beccles; we give 
also the simultaneous height at the Mutford Lock (Waveney side), and 
at Lowestoft Pier. This river is well known to be extremely sluggish in 
its tidal flow, and the form of its mouth and the wide expanse of Burgh 
Flats, with a great want of a deep channel, give all the conditions for bad 
propagation of the wave, consequently small oscillation of tide, and 
deficient drainage. Mutford Lock is remarkable as a point where local 
jealousy of interference with back water, belonging to the Yarmouth 
River, has caused the construction of a lock and gates so arranged as 
to prevent any tidal flow passing to or from the Lowestoft entrance of 
the tidal wave; if the passage were free, these two points, viz., the north 
side of Mutford Lock, and Lowestoft Pier, being only four miles distant, 
would have but little difference in their tidal flow, while a greatly in- 
creased flow would be carried on towards St. Olave's Bridge, with 
advantage to all interests, and prejudice to none, if proper arrangements 
were made simultaneously with relation to the Yarmouth river. 



THE RIVER NEITE. 

In the year 1813 the Commissioners of the North Level (drained by 
the river Nene) applied to Mr. Bennie for advice, which he gave in the 
following year y from his observations it then appeared that the fall at 
low water from Sutton Wash to Crab Hole (below the sands of the 
Wash) was 12 feet in about 4 miles ; from the surface of the water at 
Gunthorpe Sluice to Crab Hole, a distance of 5^ miles, the fall was 

13 feet ; Arom Guyhern to Crab Hole, a distance of 17 miles, the fall was 

14 feet 6 inches ; and from Peterborough Bridge to the same point, a 
distance of 30} miles, the fall was only 18 feet 6 inches. 

It appeared, therefore, evident that the great bar to the discharge of 
the waters of the Nene, and of course to the general drainage of the 
fens, was the high and shifting sands between Gunthorpe Sluice and 
Crab Hole, independently of the narrow and confined state of the river 
above ; Mr. Bennie, therefore, recommended the river to be carried by a 
new cut, of a suitable capacity, across the marshes to Crab Hole^ 5^ miles 
in length. 



\ 
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llie Cafc was carried into execution under the direction of Messrs. 
Telford and Rennie, and completed in 1834; tlie original dimensions are 
shewn at page xiv, but the section has deepened and generallj improved 
since completion; its effects exceeded the most sanguine expectations, 
having reduced the fall between Crab Hole and Gunthorpe to about 
three inches per mile, where it was formerly more than two feet per 
mile ; low water below Sutton Bridge being now five feet below that at 
King's Lynn, on the Ouse. The scouring effect was so great, that the 
Sutton Wash Bridge, erected during the progress of the outfall, was in 
great danger of being undermined, requiring stone to be thrown in, much 
to the detriment of greater improvement of the river. This has been 
amended last year by the construction of a new bridge, and the old one 
is now being removed (1851). There is no doubt that the cill of the North 
Level Sluice, laid during the making of the Nene outfall, will shortly 
be capable of being lowered more than two feet. For the present sur- 
face fall see the Table, and also page xiv. We have these facts from 
Mr. Utting, Surveyor to the Commissioners, who states that the Nene 
outfall lowered the water at the north level sluice ten feet ; in the town 
of Wisbeach, spring tides rose four feet only, and now rise thirteen feet; 
and neap tides, which in 1769 did not reach the town, now rise nine feet. 

Notwithstanding the enormous advantage of this outfall to the river 
below Wisbeach, yet the narrowness of that town and its bridge have the 
effect of keeping up the waters of the upper Nene, so that there is ordi- 
narily two feet of fall through Wisbeach at low water. 

The tidal flow and sectional areas of the Nene are given at page Ixxxvii, 
from our own observations, taken for Mr. Rendel. Attempts are now 
being made to obtain powers for improving the river through and above 
Wisbeach; but an enormous area of land which should have drained by 
the Nene, with an advantage of five feet fall, is now carried by the Middle 
Level Drainage into the Ouse; there is, however, ample inducement for 
an improvement of the Nene, both in respect of drainage and of navi- 
gation; for the banks and narrows above Wisbeach, and especially 
Guyhern, render the river little better than a shallow pond; although, 
properly improved, it would have a very free and considerable tidal ebb 
and flow, even at neaps. 



THE RIVER OTTSE, 

Another of the rivers emptying into the Wash, has a marked bore 
which, like that of the Severn, is created by the shoals at the mouth 
below Lynn, causing a greater fall at the outlet than further up the 
river. We believe this will be found to be universally the case where 
the bore prevails. The ocean tidal wave comes up from deep water, and 
meeting with the sudden rise and resistance of the bed, the wave assumes 
a head which, too great for its depth, topples over in the characteristic 
form of the bore. 

The Eau Brink Cut, originally projected by Mr. Nathaniel Kinderley, 
in the year 1720, was completed by Mr. Rennie in 1825, according to 
the award of Messrs. Huddart and Mylne ; its object was to conduct the 
waters of the river Ouse by a direct cut across the marshes from Eau 
Brink to Lynn, of about two miles and a half in length, instead of 
allowing them to flow by the old circuitous channel of upward of five 
miles in length. 

The area of Eau Brink Cut, just below Freebridge, at low water 
spring tides, or 2' 3" on Freebridge gauge, is 2,620 square feet, the depth 
then being 11' 9' and width at water line 312 feet. 



IL 



Ixxv 

RfCMARKS ON THE USE OF THE TaBLEI. 



The area at high water springs, rising to 16' 9" on the same gange, is 
7,879 square feet, the deptn then being 26' 3" and width at water line 
412 feet 

The snrface fall at Eaa Brink Cut is given at page xiy. 

In December, 1821, the tide rose on the average eleven feet ten inches 
on the cill of Old Denver Slaice ; while at low water the average depth 
on the cill was 9*6 inches. 

Since the completion of the Eau Brink Cat, the results have been— 

That the low-water mark has fallen six feet lower than it formerly 
stood at Denver Sluice, and from eight to nine feet at Eau Brink. 

That the spring tides now rise at Denver Sluice thirteen feet, and 
neap tides eight feet. 

'Oiat the river has deepened between Denver Sluice and Eau Brink 
ten ieet upon the average, and its general sectional area has increased 
from one-fourth to one-third. 

That the low- water mark in Lynn harbour has fallen four feet, and the 
navigable channel in Lynn harbour has deepened seven feet ; and that 
where there were formerly twelve feet in depth of water in the inter- 
cepted bed of the old Ouse between Eau Brink and Lynn, there is now 
a tract of 900 acres of land under cultivation, all of which has been 
effected by the process of warping. 

The tide in the Eau Brink flows three hours, and rises in that time 
fifteen feet, at spring tides, thus leaving nine hours of ebb ; the young 
flood then aissumes all the characteristics of a bore, rising at the first two 
minutes from one to three feet, and subsiding again, for a short time, to 
half the first height when the wave has passed on.* 

Notwithstanding the enormous improvement by the Eau Brink Cut, 
low water spring tides at King's Lynn are still about five feet higher than 
in the roads at the entrance of the river, owing to the circuitous course 
of the channel, and the prevalence of bars and banks of sand and mud; 
to remedy this and to aid the formation of the great Estuary of the 
Wash enclosure, Sir John Rennie is now cutting an outfall from opposite 
King's Lynn to the Roads, a length of four miles, which will have the 
effect of bringing dead low water practically up to Lynn, or, in other 
words, lower the water at the end of Eau Brink Cut nearly five feet. 

This new cut is 250 feet wide at bottom, and 500 feet wide at top, and 
32 feet deep; it is 14' 3" deep at low water spring tides, or 2' 3" on 
Freebridge gauge, with an area of 3,960 square feet, and width at water 
line of 355 ft;et. 

The depth of the cut at high water spring tides, or 16' 9" on Freebridge 
gauge, will be 28' 9" with an area of 9,990 square feet, and width at water 
line of 474 feet. 

The cut passes inland for two miles, and the remaining two miles 
crosses the channel and sand banks of the estuary into Lynn deeps; the 
first portion containing about four millions of cubic yards, has been 
nearly finished in the short space of fourteen months, by the vigorous 
appliances of Messrs. Peto and Betts, forming a work at the present 
moment highly interesting to an engineer. 



THE RIVER HTTMBER. 

We have not access to any engineering survey of the tides of the 
Humber, and can therefore only give, at page Ixxxviii, the curves of spring 
and neap tide at Grimsby ; diurnal inequality appears to be strongly 
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marked here. Hamber tides are strong, and, like the Onse, Severn, and 
Mersey, cany mnch silt, depomting it capricioiLsly wherever an oppor- 
tanity offers, and readily catting oat deep channels in the bed when 
tidal stream is diverted on any spot, from general or accidental causes. 
The great tidal power of this river and its deep channels offer g^eat 
fadlity for the effective drainage of the vast area of marsh lands bordering 
upon its ramifications, as is alK> the silt in their warping and fertilization. 



THE EIVEB TAT 

Is a river subject to great floods, from the moantainoas character of 
its sources, and other causes, much aggravated, occasionally, by the 
effect of the deep Falls on Lock Tay. It is interesting as having had great 
improvements effected on its upper tidal portion, from Newburgh to 
Perth, under direction of Messrs. Stevenson, of Edinburgh, who dredged 
out in this division 815,000 tons, between 1835 and 1841, at an ex- 
pense of about £53,000. 

In a report, made in 1845, by these gentlemen, to the conservators of 
the river, they describe the Tay as draining 2,283 square miles, and having 
a mean discharge at Perth of 218,158 cubic feet per minute*; about seven 
miles below that city, the Earn adds its volume, giving, by the same 
authority, a mean discharge of 54,959 cubic feet per minute. 

The head of navigation at Perth is 23 miles from Dundee, and 32 
from the German Ocean, but the tide extends to 2^ miles above Perth. 

The extreme tides from neaps to springs: — 

At Dundee, range from 7 to 18 feet. 
At Newburgh, „ „ 6*5 to 15 „ 
At Perth, „ „ 6 to 13 „ 

The depth of water in the Frith ranges from 36 to 54 feet at high 
water, the bar having about 34 feet at spring tides. From Flisk point to 
Newburgh the river gradually shoals from 30 feet to 18 feet ; and from 
Newburgh to Perth, from 18 to 15 feet at high water spring tides; the 
navigable breadth being scarcely ever less than 100 yards. 

Previous to the commencement of Messrs. Stevenson's improvements, 
the river was impeded by fords and salmon weirs, or fishings, so that 
vessels drawing from 10 to 11 feet frequently missed even spring tides. 
The river was also obstructed by large boulders. The works executed 
were, in the words of the Report: — 

" First — The fords, and many intermediate shallows, were deepened 
by steam dredging ;. and the system of harrowing, which was so suc- 
cessfully practised on the Mersey, was employed on some of the softer 
banks on the lower part of the river. 

** Second, — The large detached boulders and fishing-cairns, which ob- 
structed the passage of vessels, were removed by means of lighters, 
mounted with cranes, and by pontoons. 

" Third, — Three subsidiary channels at Sleepless, Darry, and Balhep- 
burn islands, were shut up by means of embankments formed of the 
produce of the dredging, so as to confine the whole of the water to the 
navigable channel. 

* According to this, the amount ran off the surface would represent about 21*5 
inches in the year. The ordinary summer ran (July) of the Tay at Perth, amounts 
to 60,000 cubic fset per minute, or 26 cubic feet per minute per square mile, but in a 
dry autumn there is not above one-third of this quanti^. High floods in the Tay have 
discharged, for more than twenty.four hours consecutively, as much as 660.000 cubic 
feet per minute» or 286 cubic feet per square milOk or nearly three-sixteenths of an 
tach in depth over the BurfBce run off. 
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" FouriL — In some places the banks on each side of the river bejond 
low water mark, where much contracted, were excavated and removed, 
in order to eqnalizo the currents, bj allowing sufficient space for the free 
passage of the water. 

*' Fif^. — A great part of the dredged material was deposited along 
the banks of the river in a careful manner, so as to form new Fishing 
Beaches, to compensate for the removal of others." 

The commercial effect of these improvements shew that in 1833, 12 
vessels, of 100 to 144 tons and upwards, frequented the port; while in 
1844 there were 37 vessels, from 100 to 400 tons, and the customs rose 
from £2,969 to £16,837. 

At page Izxxix we have given, from Messrs. Stevenson's report, the chief 
phenomena of the velocity of the tidal wave and fall of the river surface, 
which the reader will observe have a close relation to each other. For 
instance, between Newburgh and Perth the low water surface fall 

In 1833 was *467 feet per mile. Velocity of wave 301 feet per minute. 
In 1844 M '233 „ Velocity of wave 452 „ 

So that the tide begins to flow now fifty minutes sooner at Perth, than 
before the improvements. 

The results of observations in 1833 and 1844, at Newburgh, shew that 
the duration of flood and ebb tides at that place are unchanged. The 
times are as follows: — 

B. K. 

Spring tides flow 4 20 

„ ebb 7 20 

Neap tides flow 4 30 

ebb 6 45 

At Perth, in 1833,— 

Spring tides flowed 2 20 

M ebbed 7 

Neap tides flowed 3 15 

„ ebbed 7 

At Perth, in 1844,— 

Spring tides flowed 3 10 

„ ebbed 7 

Neap tides flowed 3 10 



»» 



ebbed 7 

Increase of duration flood at Perth 50 

In 1833 the river ran at its natural level at spring 

tide 1 45 

In 1844 it runs at its natural level at spring tide 1 
Giving a decrease in the time of standing at low 
water, or in the absence of tidal influence at 
Perth, at spring tides, of 45 



We have abstracted these facts at some length, because the Tay is a 
most striking instance of the advantages of expediting the tidal wave 
and flow, by the formation of a uniform passage, without any violent 
changes in the form of the channel itself, and at a comparatively moderate 
expense. 
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THE BIVER TTNE, 

From want of improvement, has seen other ports rapidly outstrip its 
ancient pre-eminence; the river suffers grievously from a bar, and also 
from being subject to great floods at the point where the tide meets, which 
in the course of ages have brought down heavy gravel deposits. These 
floods, from want of proper train and regalarity of conservation, do 
great harm when they might be productive of good. The bar of the Tyne 
has a very serious eflect on its general feature, being literally a weir 
preventing the proper flow and ebb of the tidal waters, which is again 
further checked by the large expanse of Jarrows lake within the river 
mouth (like the Burgh flats on the Waveney), which aids greatly in 
checking the concentration of tidal flow up stream. Plate VlL gives 
the form of the wave when high water at Newcastle. 



THE EIVEE CLTDE 

Has had large sums of money spent in deepening its bed and regulating 
its banks. These works have been similar to those described on the Tay, 
and have been equally eflective. High water at springs now rises nearly 
two feet higher than before the improvements, and the draft of water is 
increased from six feet to fourteen or flfteen feet, while the time of high 
water at Glasgow is accelerated twenty minutes, and the time of young 
flood far more, and on the ebbing out has been equally delayed. At 
pages xciv-v-vi, are the chief phenomena of the river, placed in a simi- 
lar manner with those of the Tay. 



THE EIYEE MEESET 

Is too well known to require much reference. We have given, in Plate 
VI., the form of tidal wave, from observations taken with extreme 
accuracy, in the parliamentary contest for the Birkenhead Docks. The 
river is loaded with sands at its mouth; but the vast body of water passing 
in and out offers a powerful check on the counter efl^ect of winds and 
waves on the vast shifting sands. In the diagram, the growing up of 
the tidal wave, at the narrow part opposite Liverpool, the faltering again 
at the wide expanse between Eastham and Ellesmere Port, and the 
heading up again when narrowing at Runcorn, is shewn very strikingly. 
The great rise and volume of tide, and straight even sides not too far 
within the mouth, are the great safeguards of the port Of Liverpool; 
the ample dock space, and cheapness of construction from the rock foun- 
dation, and tidal ebbing off^, give the great pre-eminence of Liverpool as a 
port. The phenomena of springs and neaps from the mouth, to War- 
rington the head of the tidal flow, are given at pages xcvii-viii-ix. 



THE EIVEE DEE, 

In form, is strikingly the reverse of Liverpool ; an injudicious mode of 
enclosure, unaccompanied by proper dredgings, has rendered useless 
what might have been a great improvement of its upper course ; while 
the want of a proper application of capital lower down has permitted 
evils to gather strength. 
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Even with the serious sand banks at the months, and the want of a 
great natural channel inside, to give direction and effect to the currents, 
we still are of opinion that a sum of money, boldly spent, would eftect a 
vast revolution in the commerce of the Dee, and with great benefit ; for 
Chester is well placed for commercial intercourse with the mining dis- 
tricts and potteries. 



THE BIVEE SEVEEN. 

The river Severn was surveyed in 1849 by Captain Beechey, F.R.S.9 
by order of the Lords of the Admiralty. A snort statement accompanies 
his elaborate maps, and from these documents we have compiled the in- 
formation given at pages ci., cii., ciii., Captain Beechey's labours are here 
condensed into a form that will be best understood by a careful exami- 
nation of the tables. The phenomena of the bore are shown to fluctuate 
in the inverse ratio of the velocity of the tidal wave, and in connexion 
with this, it will be observed that the fall of the Severn increases as it ap- 
proaches the sea; with this fact the cause of the bore is closely connected; 
as we have before hinted in the case of the Ouse at King's Lynn, in the best 
form of rivers, the surface fall generally decreases in approaching to the 
tide way. 

Low water at spring tides below Lidney is (as ordinarily) lower than 
at neaps ; but abi^ve Lidney the reverse takes place \* this Captain 
Beechey thinks is occasioned by the waves throwing more water into the 
river than can escape at spring tides. The form of hi^h and low water 
springs and neaps is shown at page cL It will be seen that the maximum 
height of springs is between Framilode and Rosemary, dropping down- 
wards to Haw Bridge, after which it ascends, until lost in the ordinary 
slope of the river. The diagram, Plate YII. shews the most charac- 
teristic surface lines. 

The table at page ciii shows the progress of the crest of the tide- wave, 
the rate of the bore and the rate of the stream answering to the various 
ranges of the tide at Sharpness, including times when the river was under 
the influence of strong freshes. Between Sharpness and Hock Crib, the 
wave passes at an unusually rapid rate. And Captain Beechey thinks it 
is possible that the perpendicular surface of the cliff at Hock Crib, 
and its situation at right angles to the progress of the wave, may occasion 
a premature high-water at that particulai* spot. In the following table, 
therefore. Hock Crib is omitted, and the interval between Sharpness and 
Newnham is taken. 

TABLE OF VELOCITY OF THE TIDAL WAVE AND BOBE OF THE 



SEVEBN AT SPRING TIDES. 



Between — 



TIDAL WAVE. BORE. 

Feet per Min. Feet per Min. 

Beachlcy and Sharpness 1,600 374 

Sharpness and Newnham 1,944 587 

Newnham and Framilode 1,900 475 

Framilode and Rosemary Point .... 992 820 

Rosemary and Stonebench 870 526 

Stonebench and Haw Bridge 1,053 138 

Haw Bridge and Hythe Bi idjjc .... 729 123 

Hythe Bridge and Upton Bridge , . 1,053 820 

* This is not unfl'equently the case lu rivers having many shoaLi and eoobidvirable 
fall in theii- bed. 
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** After passing Framilode, the rate of the tide-wave suffers a material 
diminution between that place and Rosemary Point. The river, after much 
encumbrance from sand-banks, assumes its average contracted dimensions, 
from which it afterwards scarcely deviates to any amount. There are 
besides some very sharp turns in the river at and above Rosemary, all of 
which assist in retarding the progress of the wave, so that its rate is re- 
duced to about 10 miles an hour, or half the rate at which it travels at 
Sharpness ; and at this reduced rate nearly it continues its progress up 
the river as far as the observations can be made with accuracy. 

" The Bore, or the foot of the wave, travels at a very irregular rate; its 
advance at all times depends upon the magnitude of the tide ; but, in 
addition to the irregularity arising from this cause, its speed is affected 
by particular winds, by the shallowness of the river, and especially by 
low dry sand-banks. The inclination of the surface of the water it has to 
surmount also appears to produce a sensible effect upon its rate of travel- 
ling. Thus, between Beachley and Sharpness, where the ascent of the 
low- water surface is 1*75 feet per mile, the bore advances at the rate of 
870 feet per minute ; and between this place and Rosemary Point, where 
the ascent is 1*12 feet per mile, the rate of the bore is still only 550 feet 
per minute ; but from Rosemary upwards, where the ascent is only 0*12 
foot per mile, the rate increases to upwards of 1,300 feet per minute, and 
this easy ascent continuing, the wave continues to roll up the river at a 
speed nearly double that of its original rate. It must, however, be borne 
in mind that in all that part of the river where the rate is so small, the 
river is encumbered with sand-banks, which are the causes also of the 
rapid descent of the river-surface, the space being occupied by numerous 
small rapids. 

** On a comparison of the rates of the tidal wave and the bore, it appears 
that, in the early stage of the tide, the crest of the tide-wave is rapidly 
overtaking the bore and, consequently, momentarily increasing the height 
of it ; and there can be no doubt that this retardation of the foot of 
the wave, occasioned by friction of shallows and sand-banks, is the 
primary cause of the bore. Above Rosemary, the bore, unobstructed 
by sand-banks, rolls on at a rate which more than equals that of the crest 
of the wave ; and the phenomenon is shortly found to diminish, to lose 
its wave character as it proceeds, and to become scarcely perceptible above 
the Partings (Gloucester). 

"When the reaches of the river arc straight, the bore travels evenly up 
the river ; but at the turnings it is thrown off towards the further side, 
where it rises higher than in the straight reaches ; thence it recoils and 
impinges upon the opposite shore, and so, like a disturbed pendulum, it 
oscillates from side to side, and only regains its steady course when the 
reaches lengthen. 

" The highest tide of the year rolled up the Severn on the 1st of De- 
cember. There was about 2 feet of water above the ordinary summer 
level in the river, and the morning was calm and favourable to the 
phenomenon. The stream at low water ran down at the rate of 250 feet 
per minute, until the bore came rolling up the river with a breast from 
5 to 6 feet high at the sides, and 3 feet 6 inches in the centre. The wave 
was glassy smooth, and as it advanced towards a spectator stationed at 
Stouebench, a singular effect was produced by the distorted surface of 
the wave reflecting the rising sun, and brilliantly illuminating the stems 
and branches of the wood skirting the river as the bore passed along ; an 
effect which greatly enhanced the interest of the phenomenon. The 
stream turned at the instant after the bore passed, and ran at the rate of 
380 feet per minute, which was about haRthe average rate of the bore, 
which varied from 12 to 7 miles per hour. 
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" In the table the effect of the fresh, or a certain depth of water in the 
river, upon the advance of the bore is remarkable. At drj periods the 
great obstmction to the progress of the bore lies between Sharpness and 
BuUopiU ; and, at such times, the manj drj sand-banks prevent the 
bore attaining a rate greater than about 4 miles an hour, as shewn in the 
table ; but when the river is under the influence of freshes, and the water 
raised, covering some of the banks, it appears to roll on at a rate of 
10 miles an hour in opposition to the stream, which about Hock Crib is 
there running down at the rate of upwards of 4 miles an hour. 

The state of the surface fall of the river Severn in flood, which we have 
tabulated in conjunction with the sectional area, &c., at page cii., will be 
found of great value, being a rare example; at pap^es xxvi., xxvii , we 
have given a short statement of the discharge of this river in the flood 
of December 4th, 1849, and its relation to the drainage area on tliat day. 
Plate Vn. gives the form of spring tide of this river, with its summer 
low water and flood surface. 



CONCLUDING REMARKS. 

We have now finished our sketch of the different rivers of which the 
succeeding pages afford the date referred to ; the object has been to 
ponrtray the actual conditions of things and their effects ; such as the 
velocities of the tidal waves, sectional area, width, depth, &c., of each 
case ; so that any one wishing to search for a precedent as it were, to 
shew what may be expected, under given circumstances, can here And, 
at all events, an approximation to the investigation Much more could 
be done if professional men would find time to follow up the subject, and 
we have an earnest hope that this will be done. Constant calls from our 
daily avocations have broken in upon and frequently destroyed the work 
of long previous consideration, which has had again to be taken up at a 
great sacrifice of time and labour. In the labour we have, at all events, 
found that there is a mine of unexplored phenomena open to inquiry ; 
the great aim of our own study has been to trace out the bearings of the 
laws of gravity, with which the Tables commence, and which determine 
all hydrodynamic computation, and to shew how they are affected by 
friction, and other resistances ; all are mere modifications of this first 
cause, and the practical result of their various forms and conditions is 
what the Engineer requires for a skilful adaptation of his works. 

The succeeding pages contain the tides of the several rivers we have 
described. At the end will be found a few diagrams, shewing the form 
of tidal flow, and the section of the river bed of the Mersey, Severn, 
Tyne, and Nene ; preceded by the tide charts of the Irish and English 
Channels, referred to in the abstract of Captain Beechey's paper ; there 
is also added a map of the world, with cotidal lines from Airy and 
Whewell*s maps. 
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9f 
8} 

7f 
6! 

5f 

4f 
3f 

»2 
»2 
3£ 
sJ 
6J 

7l 
8f 

9J 

loi 

iif 
nf 

oS 
iif 

loj 

9i 



Ins. 
J} 

4i 
3f 
*f 

*1 

of 

x«i 

loi 

9i 
81 

71 
61 
61 
Si 
6| 
71 
«1 

9l 

lol 

"1 

oi 
of 

»i 
II 

ol 



Beccles 



Ins 
5 

Si 

si 

41 
3i 

2i 

n 

oJ 

Id 

9* 
8 

7i 
6i 
6 
6 

7i 

9 

lol 

io| 
o 
I 

li 



Mut- 
ford 
Look, 

N. Side. 



Ft. 



Ins 
Si 

Si 
4i 
3i 
ai 
li 
oi 

"1 
loi 

9i 
8i 

71 
61 

S2 
6 

7 

8 

9 

lo 

II 
o 
oJ 

n 
If 

ol 



Lowes- 
toft 
Pier. 



Ft. Ins. 

6 

o 

6 

o 

9 
6 

7 

lo 

S 

n 

7 
o 

3 
6 

9 

o 

3 

5 
6 

4 
II 

S 
o 

7 
o 
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Remarks on the use of the Tables. 



TIDES OF THE WAVENEY. 



TA3LE OF IRE KISE iND FALL OF THE TIDE 

At VAriouB points, takea simultaneoaslf from the mouth of the river at Yarmoalh 

to Beccles and at Lowestoft. 

Datum line 6 feet below Old Zero at Mutfurd B<1dge. 



SFBING TIDE, March 29th, 1850. 



Tiine. 



H. M. 

6 Oa.m 

6 30 

7 

7 30 

8 

8 30 

9 
9 30 

10 



» 
n 

M 
» 
It 

n 
n 



10 30 
il 



II 30 



n 



n 



u 



n 



Yar- 
mouth 
Fier. 



12 „ 

30p.m 
• O „ 

1 30 



»f 



n 



2 30 



3 30 



4 30 
6 

5 30 



n 



M 



n 



Ft 
z 
3 
4 
5 
5 
S 

5 

5 

5 
S 
5 
S 

4 

3 

z 

z 

I 

I 

o 

o 

o 

o 

o 

o 

o 



Ins. 
6i 

"i 

7i 
oi 
3i 
5i 

9i 
lOi 

9i 

7i 
oi 

il 
ai 
6i 
li 
7* 
i4 
8* 
4i 

i4 
3i 

a* 
3i 



Yar- 
moath 
Bridge. 



Ft 

z 

3 

4 

4 

4 

4 

4 
5 

5 
5 

5 
5 

4 
4 
3 

3 
3 

z 
z 
z 
z 
z 
I 
I 
z 



Bargh 
Flats. 



St. 
Olave b. 



Ins. t^ 

3i 
6i 

oi 

4i 

7i 

9i 
loi 



li 



li 
li 

oi 
9i 

»i 
9^ 
6i 

3i 
"i 

7i 
4i 
»i 
oi 
iii 
iii 
li 



Ins. 

I? 
»l 
4J 
9i 
oi 
a! 
5S 
62 
82 

9l 
I If 



o2 



o2 
oi 
72 

o2 

io| 

92 
72 
61 
52 
42 
31 



I 



Ft 
3 
3 
3 

4 

4 
4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 



In-H. 

Ill 

"i 

o2 
.*i 

32 
52 

62 
8? 

lof 

"2 
i2 
a* 
3i 
li 

iii 
92 

8i 
6i 
Si 
41 
31 

i2 

of 

Hi 



Bnr§rh 

St 
Peter's. 



Ft 
4 
4 
4 
4 
4 
4 
4 
4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

4 

4 

4 



Ins. 

5l 
4i 
3i 
»i 
li 

4i 

3i 
4i 

52 
7i 
82 
loi 
oi 
li 

i2 
i| 
li 

o2 
"i 

loi 

8f 

7f 
61 

52 
4i 



Beccles 



Ft 

4 

4 
4 
4 
4 

4 

4 
4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

4 



Ins. 

6i 

5i 

Ai 

U 

2i 

li 

1 

<2 
3i 
5i 

7* 
9i 

io2 
"2 

oi 

li 
a2 
2i 

li 

oi 

"i 

lOi 

9 
8 

62 



Hut 
ford 
Look, 

N. Side. 



Ft 

4 
4 
4 

4 
4 
4 

4 
4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

4 

4 

4 

4 

4 

4 

4 



Ins. 

52 
4i 
3i 
^l 
li 
li 

xi 

4 

52 

7 

8* 

92 
iij 

I 

z 

x* 

z 
I 

"i 

lO 

9i 
8i 

7 
6 

42 



TiOwes- 
t()fu 
Fier. 



Ft Iijs. 

I 6 

I o 

3 >o 

4 4 



4 
5 
5 
5 
6 
6 
6 

5 
5 

4 



8 
I 

5 

9 

I 

5 

3 

9 

o 

I 



3 " 

z 9 

I II 

1 5 

O 10 

O I 

o 3 



o 
o 



7 
3 



' 



o o 
aboT9 
8 



. 



Rbkaker on tbb d»k o> th* Tables. 













From YBRDonlh Ffer to neoela Bridge, ud lo LoweOott, it ■ Bpring ind Neip Tide. 




HEAP TIDE, IbMh 21it, ISW. 




Hames of Statioiu. 


DU- 

timaeB 
apart. 


T5dal 
Eange 


Interval 


Hate par 11 
Minute. II 




Yi^oT" 


r.t. 


ni^id. 




BQt^Gsa 


Feet. 


TL In 


u. ■«.■„. 1, 


rMi. 


F«t 




r»nnoiilbPler»ndYntTiiimtliBrtaB8 .. 


ig,B6c 


1 J 


0,6 


a 30 


461 


461 




VBrmouth Bddga ud Btiri;)i Flats 


>=,9S8 


I 10 


.30 


OiO 


'3J 


7C0 














86, 


981.1 




SI. OlBto'a and Burgh 3t. Pelafa 


»9.4!fi 


n,n 


1 !0 


«I4 






M.9B0 


7| 


«3o 


'3° 


„5.6 


;8S-7 




Y thPl dBmol 




120,334 








■4 ° 


.. OJO 




„7..6 








BFBIKG TIDX, Haidi Sfith, ISM. 




VaniM of SUtioiui. 


Dis- 
apart. 


Tidal 
Range 


IntGTvalof 
Paa^^ 


Bats pel 
Minute. 




F,«l 


Head 


Foot 


Head. 




B8t™n 


l-oet. 


Fl, lu. 


B. M. 


fl. «, 


Fe=L 


FeeL 




■Yinnoiilh Hot and TannDiilli Bridge ... 


U,8fe 


I 9 


JQ 


. 


l6z 


131 




Tumouth Biidgu ind Burgh fl&ts 


io,93B 

16,070 

J4.930 




■ !0 




^ 


l«.S 














SBt.i 
(8! 




B h3 PotDT- dBoHle. 


I "t 






S"! 




Y»i-m(,ulURetwdBecrfB« 














!8,.t> 










6H.B ! 
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RVMARKS ON THE USB OP THE TaBLVS. 



TIDES OF THE NENK 

TIMES AND HEIGHTS OF HIGH AlTD LOW WATER, AT SPBDTO 

AND NEAP TIDES, 

With Sectional Area, Width and Depth at each place. 

From obeerraUonB taken under the direction of J. M. Rendul, Esq., F.R.S. 
JOattm cm <^th» North Level Sluiee, 



Stations 

and Sections of 

Riyer at 

High Water, 

April 17th, 1861. 

Area. Wdth. Dpdu 
8q.Ft. Ft. Ft 

Horseshoe 

Phillips'Brewery 

1563 IZOXI^ 

Waldersea Sluice 

1464 11ZX23 

Gnyhim 

143Z 140x14 

Cross Guns 

4x1 57)^12 
Dog and Doublet 

736 8zx 8 

Peterborough ... 

5C0 60X 9 



Spring Tide, April 17, 18KL 



Dif- 
tanees. 



Feet. 

• • 

6,600 

11,540 

16,500 

17,160 
25,080 

27,720 



105,600 



High Water. 



Time. 



H. X. 

a.m. 
8 15 

8 20 

8 50 

9 20 
10 o 

" 5 

pjn. 

1 5 



Height 



Ft. In. 

20 O 

19 6 

19 I 

18 9 

16 9 

16 6 

16 5 



Low Water. 



Time. 



H. X. 

a.m. 
5 JO 

5 20 

6 o 

7 "5 

8 o 

9 5 

II o 



Height 



Ft. InJ 

5 3 

8 6 
II I 

13 6 

14 10 

16 S 
16 7 



Neap Tide, April 84, 1S51. 



High Water. 



Time. 



H. X. 

p.m. 

55 

1 5 

2 la 

I 55 
J 15 
4 20 
6 20 



Height 



Ft. In. 

ij o 

12 9 

13 o 

14 2 

"3 9 

IJ 3 

i6 o 



Low Water. 



Time. Height 



n. u. 

a.m. 

9 o 
9 45 

10 30 
p.m. 

10 

1 20 

2 20 
4 20 



Ft. In. 

5 6 
7 7 

9 " 
II 9 

13 3 

15 2 

16 o 



INCLINATION OF BIVEB SUBFACE AT TIMES OF HIGH AND LOW 

WATER AT WISBEAGH. 



Stations 

and Sections of 

River at 

JAm Water, 

April 17th, 1861. 



1 



Area. Wdth. lypQi. 
Sq Ft. Ft. Ft. 

Horseshoe 

wisbeach Bridge 

Phllllps'Brewery 

460 80X 8 
Waloersea Sluice 

700 78x15 
Ouyhlm 

678 130 x 9 
Cross Guns .... 

J17 45x10 
Dog and Doublet 

730 82 X 8 
Peterborough ... 

500 60X 9 

'Arerage 



Difl. 
tanoes. 


Spring Tide, April 17, 1S51. 


Neap Tide, April 24, 1S5L 


Height on 
Gauge. 


Inclination 
^ Mile. 


Height on 
Gauge. 


Inclination 
^ Mile. 


At 
H.W. 


At 
L.W. 


At 

H.W. 

FaU. 


At 
L. W. 
Rise. 


At 
H.W. 


At 
L. W. 


At 

H.W. 

Fall. 


At 
L. W. 
Rise. 


Feet. 


Ft. In. 


Ft. In. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet 


Feet. 


•• 


20 


5 3 


• ■ 


• • 


13 


5 6 


• • 


• • 


4,620 


19 TO 


7 I 


.185 


2.091 


12 10 


6 7 


.185 


1.234 


\ 1,980 


19 5 


8 5 


1. 120 


3.547 


12 7 


7 8 


.666 


2.880 


1 12, 540 


18 6 


II 2 


.387 


1. 157 


12 of 


10 


.227 
Rise. 


.981 


16, 500 


17 


14 3 


.480 


.985 


12 II 


12 II 


.281 


.934 


1 17, 160 
1*5.080 


16 li 


15 


.27c 
Rise. 


.230 


13 2 


13 * 


.077 


.077 


16 3 


16 J 


.025 


.263 


15 1 


15 « 


.400 


.400 


•27,720 


16 7 


16 7 


.063 


.063 


15 6 


15 6 


.080 


.080 


106,600 




.171 


.566 


.125 


.500 
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HeUASKB on IUE CBE ox TUB TABLES. 



TIDES OF THE BUMBEK, 




AT dR»AI OKIMED., 




TABLE BHEWIHG THE EIBE AHD PALL OF A BPEIFO * SKAP TIDE, | 






1 dnjii of BliniiE HDil NdSp Tliici. 




1 DotuTn Lina 4 r.'Clilwve CUl of 70 C.wl Lock. 




BPEIHO TIDES, 


:heap tides. j 


Oct. S. 1846. 


Hit 


i„. 


Oot.14,1846 


114 


|,- — 








Tima, Hght 


-=3 1- 




Tme, 


Hlfht 


"^ 












, * ° ■* 7 




a 


dSnS 


"i,.^"' 


it 


1 




_ 


s •=«■ 


'•'•■• 




i 


ds;:^ 


7 30 


I I 


i 


' 


_ 


2 ""- 


3 30 






1 


}} 


J,.. 




s 


ji 


■ 


-;: = - 


■ 












10 


. . 




Is 










.^ 


I'l 






H 


1 


Zz!. 


10 30 


II o 




1^ 






g-ss 














1130 














,0 




<1 


^ 


rt 


~rr° 




M < 


Bs 


s 


}| 




•s:: 


;;.: 




■•1 


1 


! 


"^k 


I' 3b 
1 


.'.,' 


'I 


1 












w.. 


tz 


■ 4* 


^ 








2 


1. ■> 




















































1 '' '* 






1 


« 




S30 


■! 1 




^ 


It 
























» 
















^§ 










6! 


2 






s 


1 


«L, 








t 


i 


"-"L" 


3 30 


M 








li 


" ! 










-' 3 B 

1 1 i 


|5- 


; 


li 


i= -- 










4 30 


■9 B 






e 30 


n 1 






S 30 

1 — 


;■;■ 


1^ 


4il 






1? 


1 ^^ 



■- Vi 
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Rbmarks on tub USB OF TnB Tables. 



TIDES OF THE TAT. 

BESTJLTS OF TIBAL 0B8EBYATI0NS, 

Made at yarioos times between l&Q and 1844, by MeBsrs. Steventton of Edinburgh, 
8hei»i]ig the results of the improvements lu the river, by dredging, ^c 





Distance. 


1833 ft 1834. 


1848, 1848, 
and 1844. 


Improvemiit. 


Stations. 


Dlff. 

of 

II. W. 

Mins 

16 

53 

150 


Vel. of 

Tidal 

Wave 

per Mil). 

Feet. 

1.650 

533-4 
414.3 

340.7 
301.3 


Vel. of 
Diff. Tidal 
of Wave 
H. W. j>er Min 

Mins. Feet 

1 8ame as in t 
1 and 

100 1 45* 1 


Time. 


Ve'«>riiy 

IMT 

.Minute. 


Between 

Dundee and Balnerlno 

I{ilm#rinoandFll8k Point 
Fliek Point and Balmbi-eich 
Balinbre'ch and Newbar^h 
Nuwburgb (a) and Perth (6; 


Feet. 

26,400 

»5.470 
10,771 
18,058 
45.»97 


Mins. Feet 

he years 1833 
1834 

50 150.7 


Dundee and Perth 


115,896 

7,022 

15.9*5 
12,250 


274 


AQQQ 


224 

»5 
55 

20 


517.4 

281. 
462. J 
61Z.5 


50 


94 5 


Nowburgfa (fl) and Carpon... 
C?.vuoa and Kinfanns 


f not } 

■< obsf'rvpd V 




Klnfauns and Perth (6) 


(. in 


1834 j 





LEVELS OF HIGH WATER SURFACE. 

The levels of the surface of high water, at different stations, have been fonnd to be 
unchanged, and the following results refur to the years 1833 and 1844. 



• 


Dis- 
tances. 


Spring Tide, 
1833 & 1844. 


Heap Tide, 
1833 & 1844. 


.stations. 


Rise. 


FaU. 


Rate x>er 
Mile. 


Rise. 
Feet 

• • 

.50 

1. 00 


Fall. 


Rate per 
Mile. 


Between 
Flihk Point and Balmbreich 
Balmbieich and Newburgh 
Nftwbnrarh and Perth ,-, » 


Feet 

10,771 
18,058 

45.»97 


Feet 

• • 

.62 

1. 00 


Feet 
.42 

• • 


Feet 
.206 
.181 
.117 


Feet. 
21 

• • 

• • 


Feet 
. 103 
.145 
.117 





LEVELS OF LOW WATER SURFACE. 





Dis- 
tances. 


Spring Tide, 
1833. 


Spring Tide. 
1844. 


Stations, 


• 
Rise. 


Rate per 
Mile. 


Rise. 


Rate per 

Mile. 


Between 
Flisk Point and Balmbreich ... 

Balmbreich and Newburgh 

Nnwhiinrh and Perth 


Feet. 

10,771 
18,058 

45»>97 


Feet 

.33 
2.66 

4.00 


Feet. 

.161 

1.304 

.467 


Feet 

•33 
2.66 

2.00 


Feet 

.161 

1.304 

.i33 





iVtfte. — The relult of the observations in 1844, gives a depression on the level of low 
water mark of 2 feet, a£ Perth iidcU harbour, the point to which Perth observa- 
tions refer. 



ft ^ 



zc 



Remarks on the use or the Tables, 



HDBS OF THE TTHB. 



TABLE OT THE SISE AHB TALL 07 THE UBS, 

At yaTions pointH, taktn ■ImiiltMieoiisly fi^tm the mouth of the riyer to Newlmni» 
uder the diieetion of J. M. Bendel, Esq, F J(.8. 

Zero is thenuurk «t Prioi'e Stonei Mag Low Water of May Siti, 1618. 



8PBIH0 TIDE, Hay 8th, 1860. 



Time. 



H 

10 

ii 
II 

12 


I 
I 

2 

2 

3 

3 

4 

4 

6 

6 

6 

6 

7 

7 

8 

8 

9 

9 
10 
10 
II 
II 
12 



I 

I 

I 

~ 
6 
5 



30 a.m. 

O n 
30 „ 

„ 

30pjn. 

n 
30 „ 

„ 
30 „ 

„ 
30 „ 

„ 
30 „ 

„ 

30 „ 

„ 
30 „ 

„ 

30 „ 

O „ 
30 „ 

„ 
30 „ 

„ 
30 „ 

O „ 

30 „ 

n 
30 

n 
30 „ 

go „ 

«« n 

I* n 
45 „ 



Ft. Iiia.Ft. Ins 

I0 4A&.m. 



Friox'i BaUait 
Stone. Office. 



lOliW 

I % 

Z I 

3 * 

4 6 
6 X 

8 o 

9 lo 
II a 
la % 
1% 9 
13 2 
1} a 
IX 8 

II 10 
lO II 

9 8 
8 o 

6 4 
4 lo 

3 7 

a 7 

1 8 
I I 

O IILW 



I 
I 

a 
3 
4 
6 

7 
9 

lO lO 

la o 
la 8 
13 2 
ij o 
la lo 
la J 



JLW 

5 

o 

3 
6 

a 

9 
6 



How- 
fUm. 



BiU 
Point. 



II 

10 

9 
7 
6 

4 
3 
a 
I 
I 
I 



3 

a 
o 
6 
o 
8 

7 
7 
9 
5 

aLW 



Ft Ins. 
n lb 

I lOLW 

I II 
a II 

4 » 



Ft. Ins. 



I) |HW 



5 

7 
8 

TO 
II 

la 
13 

13 

«3 

la 

II 

10 

9 
8 

7 



6 

1} 

9 

3 

6 

5 



4HW 

o 

H 

I 

6 



It Mp.IB. 

3 aLW 



Old 
Quay. 



Ft Ins. 



3 

o 
S lo 
4 9 

3 ID 

3 o 
* 5 

I II 

I 9LW 



3 

4 
5 

7 
9 

10 

II 

12 

>3 

«3 

la 

la 
II 

lO 

9 
8 

7 
6 

6 

5 

4 
4 
3 
3 
3 



5 

4 
6 

3 

o 

7 

9 
8 

3HW 

9 

a 

5 

6 

6 

5 

6 

o 
3 
9 
3 

9 
5 

aLW 



lt4fr 

3 41'W 

J " 

4 11 
6 41 

8 Ii 

9 7* 

lO II 

12 
la 9 



wiek. 



Ft Ins, 



SteUa. 



13 

la 
la 
II 

lO 

9 
8 

7 
7 
6 

5 
5 

4 
4 
3 
3 



I 

a 

9 
o 

a 
3 

4 
6 

8 

o 

3 

7l 
o 

6 

o 

7 

5LW 



1 4» 

5 41'W 

5 8 

6 10 
8 o| 

9,6 
10 10 
la o 
la io| 
13 4i 



Ft Ins. 



Hew- 
ttun. 



Ft Ins. 



13 

la 

II 
II 

10 



a 
6 

9 
o 



3 

9 6 
8 II 
8 3 



13 4HW 



7 

7 

7 
6 

6 



9 
5 

o 

7 
3 

5 11 
5 7i 
5 5i 

5 4*1''^ 



8 1ft 

8 oiLW 

8 a 

9 0} 

10 II 

1" 5 
13 6 

13 7* 
la 10 
la I 

11 5 

9 

a 

9 
3 



10 
10 

9 
9 



II 
la 
13 
13 
13 
la 
II 
II 
II 
II 



8 II 
8 8 
8 6 



8 
8 
8 
8 
8 



4 
3 

a 

Ii 

I 



8 o|lw 



13 9HW 



ILW 

3 

6 

9 
o 

3 

9 
3 
I 

ok 



13 lOHW 



xd 



EkMARKS on THK U8K OT THK TaBLKS. 



IH>BS OF IHE TTHB. 



TABLE OT THE BISE AND FALL OT THE TIBS, 

At yarioiu points, taken eimnltaneonaly from the month of the river to Mewbnni, 
nnder the direction of J. M. BendeU £04., F.B.S. 

Zero is the mark at Prior^s Btone, being Low Water of Hay Slat, 1818. 





HEAP 


TIDE, April Snd, 


IMO. 






Time. 


Fzj0r*8 Ballast 
Stone. Office. 


How- 
don. 


Bill 
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Remarks on tbb use or the Tables. 



TIDES OF THE CLTBE. 



INCLIKATIOV OT WATEB 8TJB7A0E, 

At the times of High and Lov Water at Fort Glasgow and Glaagowi at the Spring 

Tide of March SOth, 1840. 

JkUum SO A*t Mow Oofinf qf StnOh Q^ap Wall, 



WHEF Hian WATEB AT POET aiASGOW - - 1.25 p.m. 
AHB LOWWATEE „ „ - - 7.20 „ 



STAnOKS. 



Port Glasgoir 

Bowlhig 

Clyde Bank .. 
Glasgow 



Dis- 
tances. 



At 1.0 pjn 
DrUmlnatM 
belbrsH. W 



Feet 

• • 

4h »JO 
i6, Z90 
x8,8ao 



Average ^98,840 



Height on Oange. 



Ft In. 
ro. 3i 

9. x4 
7.10 

7- 9 



At7.I0pkia 
or 10 
before L W 



At 1.0 p.in. 
mbratedor SS mhuitn^or 
befor«H.W 



Ft In. 
o 2i 

4 a 

5 7 

5 »oi 



Inelin. per Mile. 



Feet 

• • 

0.179 
0.014 

0.186 



At 7.10 pm. 
lOminutea 
L W 
BlSB. 



Feet 

t • 

0.48; 
a 185 
a 05} 



0.804 



WHEE HIGH WATER AT GLASGOW 
AHB LOWWATEE 



it 



it 



8.10 pjn« 
10. ajn. 



BTATIOKSr 



Glasgow 

Clyde Bank .., 

Bowling 

Port Glasgow 

AverageM...! 



Dis- 
tances. 



Feet 

• • 

18,810 
16,190 
4J.»30 



I 98,840 



Height on Gauge. 



At High 
Water. 

Fall. 



Ft. In. 
II If 

10 7 
9 5 
7 " 



At Low 

Water. 

Rise. 



Ft In. 
3 o 

3 8 

4 3 

5 o 



Indin. per Mile. 



At High 

Water. 

Fall. 



Feet 

• • 

0.099 

o.in 

o. 183 



0.171 



At Low 

Water. 

Risk. 



Feet 

• • 

0.111 
a 116 
0.091 



0.107 



SECnOKAL ABEAS. 



Spring Tide, March 20th, 1840. 



Glasgow .... 
Clyde Bank. 



At mgh Water. 



Area. 



Sq.Feet 

3,148 

4»co5 



Greatest 
Width. 



Feet. 
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173 



Greatest 
Depth 



Ft Ins 

18.3 

17.0 



At Low Water. 



Area. 



Sq.Feet. 

i>549 
1,911 



Greatest 
Width. 



Greatest 
Depth. 



Feet 
191 

*45 



Ft. Ins. 

10 o 

9.0 



Heap Tide, March 27th, 1840. 

Glasgow 

Clyde Bank 



1,51A 

3,186 



»95 
»55 



14.6 



1.494 
1,840 



X91 
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X0.3 
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Remarks on the use of the Tables. 



TIDES OF THE CLYDE. 



MEAS TIDAL BANGE AND DUBATION OF FLOOD AND EBB STBEAMS, 

For six Spring and six Neap Tides, from observations by W. Bald, Esq. 



Spring Tides. 



Tidal Range 

Duration of Flood 

„ Ebb 

Neap Tides. 

Tidal Range 

Duration of Flood 

„ Ebb 



Glasgow. 



Ft. Ins. 

8 4 

H. M. 

5 >o 

7 U 



Clyde 
Bank. 



I Port 
Bowling. Giaago^. 



Ft. Ins. 

8 o 

u. X. 

5 15 

7 6 



Ft. Ins. 
8 9 

5 M 

6 56 



Ft. Ins. 



ro 

H. 

. 6 



5 

M. 

6 



Ft. Ins, 

6 3 

U. H. 

5 14 

7 16 



Ft. Ins. 

5 'o 

H. H. 

5 43 



Ft. Ins. 

5 " 

H. H. 

5 5» 

6 37 



Ft. Ins. 

6 I 

H. M. 

6 36 

S 59 



MEAN VELOCITIES OF FLOOD AND EBB STEEAMS. 



Station opposite. 



I 



Dumbarton Castle 

Dunglass Castle 

Donald's Quay 

Ruuhalee Pier 

Centre of Newshot Isle 

Average below Newshot Isle 

1,000 yards below mouth of the Cart 

Scotstoun House 

200 yards below Crawford's Quay 

600 yards above the mouth of the Kelvin 
Average above Newshot Isle 



Distance 
below Glas- 
gow Bridge. 


Velocity 

of Flood 

per Minute. 


Velocity 

of Ebb 

per Minute. 


Feet. 
72,000 


Feet. 
58.75 


Feet. 
144-53 


59,500 


9*»73 


145.71 


52,000 


114.43 


147.13 


45,000 


54-53 


120.00 

1 


39,000 


70.00 


150.00 


• • 


78.10 


141.48 


31,000 


60.00 


100.30 


24,000 


26.66 


85.70 


15,000 


50.00 


75.00 


9,500 


17-63 


54-53 1 

1 






38.56 



78.80 



During high floods, immediately below Glasgow Bridge, Mr. Bald found the Ebb 
Stream run at the rate of 256.6 feel per minute ; and in the narrow parts of the river, 
at the rate of 321^ feet per minute. This was at the water's surfioGe, in the middle 
of the river. 
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RrilAUKS ON THE USB OF TH& TaBLES. 



TIDES OF THE MEESE7. 



TABLE OF THE BISE AKD FALL OF THE TIBE 
At various points, taken simultaneounly from the moulh of the river at Kormby Point to 
the head of the tide at Warrington ; from Mr. Keudel's experiments in the summer 
of 1844. Datum line 6 feet below Old Dock ClU, or 10.75 feet belowr the Oidnauco 
half-tide datum. 

SFBINO TIDES, June 3rd, 1844. 



TIME. 



Distance. 



H. u. 
7 OajD 

7 30 „ 

8 „ 

8 30 „ 

9 „ 



9 30 

10 
iO 30 

11 
i I 30 



n 



*t 



»i 



» 



»i 
» 



12 „ 

30p.m. 
i 

1 30 

2 

2 30 

3 

3 30 

4 

4 30 

5 

5 30 

6 

6 30 

7 
7 30 



n 
» 
tt 
n 
tt 

V 

n 
n 



Formby 
FolxLt. 



Ft. In. 

— J lO 

— 19 

— O lO 
I IO 

5 6 

9 
M 
>7 

20 
2Z 

23 

22 
21 

19 4 

16 II 

14 O 

10 II 

8 2 

* 5 4 

a 9 

o 9 

— o 10 

— 2 o 

— a 7 



9 
o 

6 

4 

2 

3 

4 
6 

2 



Brightou 

42,240 f.. 



Ft. In. 



-4 

- I 

- o 

8 

12 

16 

>9 
21 



13 

II 

8 



I 
o 
I 

2 
3 



2 
2 
8 
6 

2 

7 
5 

2 



22 8 

23 
22 8 
21 4 
19 6 
16 8 



9 

o 

4 



5 10 
3 8 



7 
o 

5 

4 
6 



Pririce'b 

Book, 

Livrpool. 

1 0,560 fv. 



Ft. In. 

-4 5 

- 3 5 

— o 10 

2 10 

7 6 

II 9 

'5 li 



18 
20 
22 
23 

^3 
22 

20 

»7 
14 



o 
6 

2 
4 

7 
7 
7 
7 
7 



II 10 

9 4 

6 10 

4 4 



2 
o 
I 
2 
3 



o 
4 
3 
8 
6 



mere 
Port. 

+7,520 fi 
Ft. lu. 



6 4 

10 7 

15 o 

18 J 

21 2 

23 5 
Z4 7 

24 2 

22 9 
20 II 
18 3 
'5 9 
■>3 4 

TO 7 

8 6 

7 a 

6 7LW 



Book, 
Runcorn. 

35,200 ft. 
Ft. In. 



10 7 

16 9 

zo 8 

23 i 

24 II 
zs 4 



24 
22 
20 



I 

3 

o 



18 i 



16 

14 
>3 



3 

5 
I 



12 3 

II 6 

10 II 

10 7 

10 4 



Fiddler*' 
Ferry. 

28, 160 ft. 



Ft. In. 



War- 
rington 
Bridge. 

2 7,400 fv. 



Fu In. 



17 


6 






22 


6 


18 


I 


M 


9 


18 


3 


»S 


2 


3-1 





24 





»s 


9 


22 


6 


*3 


10 


21 


8 


22 


8 


20 


8 


21 


10 


»9 


10 


21 


I 


«9 


4 


20 


8 


18 


10 


£0 


2 


18 


7 


»9 


9 


18 


2 


»9 


6 


>7 


10 


>9 


3 


»7 


6 


"9 








Rbmamb 


ONTH. 


"« <" '«= TAai.«. 






TIDES OF THE MEHSET. 








TABLE OF THE BIBS ADD FAIL OF THE USE 


of lSt4. DatuD line fl ftet beloit Old Dock Clll, «]O.TfrfHt beloir ths OrddAora 




»EAr TIDES June lOth, 1844. 1 


TIME. 


Formhy 
Point 


JTbw 

Brighton 


Priace'i 
Dock, 
tivrpooL 


EllaB- 
Port, 


Dock, 


FiUdlar, 
Farry. 


War- 

rington 
Bridge. 


DutMwe. 




42,240 ft 


I0.560f. 


47,S2on 


36,200 ft 


29,tS011 


27.400rL 


Ta^ 


I J 


Ft. In. 


F.I.. 


Ft. In. 


Ft. !,>- 


FL In. 


F,,ln. 


2 „ 


* 


] I 




1 ! 








2 30 „ 


s » 


4 




! ° 








3 , 


fi s 


' ' 




4 « 








4 I 


■0 1 


9 4 




7 » 








4 30 „ 


i> ; 


II « 




9 7 


S g 






» ,. 


M } 


1] B 




II >0 


8 9 • 






6 30 „ 


If a 


>{ > 




•i s 


1° lO 






6 „ 


,fi,o 


.6 J 






" ' 




< 


7 30 „ 


17 e 


17 7 
.610 




'vr 


::; 


16 . 




I"; 


«' 


«" 




16 t 


"1 


Li' 


;;; 


10 I 


„ J 


1. D 




11 S 


ij t 




IS 9 


10 30 „ 


9 9 


9 5 




10 9 


>1 10 


17 4 


IS g 




8 1 


7 II 




9 . 




17 . 


.« 6 


tz I 


S 4 


( 




6 a 


11 1 


■6 S 




30.1ID 


4 4 


1 .0 




■4 6 


■0 g 


16 7 




.'30!; 


, .L« 


"L 


. JLW 


' " 


10 1 


16 4f 


IB .| 


•Bolowthi 


wpidiiUUMEIIwineretlde litBkni >t Fool Hill Deep, ilHnt ■ mlk belo* 
where there 1> i fqU nngt *t Neep Tldta. 
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TIDES OF THE MESSET. 




TABLE 07 VELOCITIES OF THS HSUP Aim TOOT D7 TIDAI, VATX, 


Fnm tha moulh to Iha htaid of Uuj Tide (t Wsrrtngton, it i Bpring iml Nruip Tide, 


Section o/Rioerfron Prinet't Dock to SmcomU. 


L.WAT ll*,B« ... S,ai4 X BO H.W.N.T. 1811,771 ... SfiH X K 

L.WJ(.T ia8,*lS ... 8.S0O » 67 U.W,8,T ««,578 ... 8,5*1 k J? 


BFSINO TIDE. Jnne 3rd, 1B44. 


HamM or SUtiona, 


Dii- j Tidal 


Interval of 
PaBsage 


Eata per HlnnU 
ot Tidal Wave. 


wL 


"T 

Wttv. 


Wave, wlive 


Alnuu 


Bawfm 


Feot 


Fe.t, 


M,o, 


Mln. 


Foot. 


Feci. 


f™^ 


Pgnnbj. PolM uia Hb« Brishtai.. 


41,1*> 


^7-S 


S4 


U 


*4i 


1,1(1 




Kew DrtetaUm And Prinun Dock ., 


TO, 160 


l?.l 


6 


1= 


>.76o 


1.056 


401.4 


Prii.Mi.ll»*mdEnasn.B« 


47. J» 


^.0 


>40 


10 


l'p\'.i76 


3)6.6 












:!:: 




Buncom uid Fiddlsi'B Fdit}- 


«,.6o 


.4.9 


S( 


16 




Fidd!oi'»Fon-ridd Warrlnglmi... 


'r.*"> 


7.8 


397 


40 

iao" 


4H Ms 

481 ],4T0 




191,080 


ITEAF TIDE, June lOth, 1B44, 1 


ITuniu ot Statioiu, 


Dls- 
apwt. 


Tidal 
Enge 


Interval of 
Faisage 


Bate per Hinata 
of Tidal Wave. 
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APPENDIX 

TO 

BEMABES ON THE USE OF THE TABLES. 



FLOODS OF LABOE DISTBIOTS. 

Extract fmm Mr, JTumuu John Taylot'a vork on die Improvement of the 
Tyne, page 26. Lambert, Newcafde, 1851. 

" It 18 not unusual for the river Tjrne, daring a land flood, to discharge 
36 millions of tons of water in 24 hoars, being eqaiyalent to a net 
quantity of half an inch of rain oyer the entire extent of its basin. The 
highest sources are about 1,200 feet above the sea level ; but the mean 
elevation of the basin may be taken at 500 feet Now 36 million tons in 
24 hours are 25,000 tons per minute; and a horse-power being 33,000lbs. 

equal to 14*7 tons, we have ^^^ "° = 850,340 horses' power. 

''A flood which rose, at its highest elevation, a few inches above the 
floor of the house at Byton island, discharged, according to my calcula- 
tion, upwards of 70 millions of tons of water in 24 hours (70,383,909), to 
which may be added the waters at the same time extending over the 
Haughs, estimated at 9,874,286: in all 80,258,195 tons, or say 80 millions 
of tons in 24 hours. 

*' By way of contrast, I may mention the quantibr of water passing the 
same point on July 19, 1850, when the river was free from tide or ^sh, 
and extremely low; die rate of discharge was (mly 16,025 cubic feet per 
minute, equal to 659,890 tons in 24 hours. 

^ Thus the Tyne varies in it^ volume of land watet in the proportion 
of 1 to 120. 

^ The ordinary state of the Nile is to its flood state as 1 to 5. 

'* The ordinary state of the Ganges is to its flood state as 1 to 5." 



STBEirOTH OF CfTLIVDBICAL STEAH BOILEBS. 



TABLE OF TEICX5E88 OF METAL 

For boilers of equal strength, at a pressure of 450 lbs. per square inch, 
taking bursting pressure at the ultimate strength of the riveted joints, or 
34,000 lbs. per square inch. 



Diameters 


ThioknesB 


Diameters 


Thiekness 


of Boilers. 


of Plates. 


of Boilers. 


of Plates. 


Ft Ins. 


Inch. 


Ft. Ins. 
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3 6 
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6 6 
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.58 


4 6 


•37 


7 6 


.62 
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.42 


8 


,66 


5 6 


.46 







This Table is from a recent paper b^ Mr. Fairbaim, of Manchester, 
who considers that if the strenp;th of boiler plate be taken at 1.00 

That of a double riveted joint is 75 

„ single riveted joint is 56 
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Afputdix to Rbxabks ok ths USB OT THi Tablbs. 



EXPEBDEEHTS OS THE ETD&AULIC BAK. 

By Messrs. HUNTEB and ENGLISH. 
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NoTB.— The height from the outlet of the ram to the top of the stand pipe is 6(^26 
feet Therefore the fall in feet deducted from the abore will give the height to 
which the water was raised above the head. The diiliBienee in time of filling the 
cistern is owing to variations in the ad|)ustment of the heat of the valvei-HBlow 
motion giving ue hest duty. 

TIDES OFTHEEVOUSH CHAEHEL AND VOETH SSA. 

Captain Beecfaev's paper, in the Philoaophical TranaactUma^ Fart IL, 
for 1851, contains his inyestigations into the currents and tides of these 
seas similar to those on the tides of the Irish Sea. Instead of these 
channels haying a stream taming progressiyelj later as the tide adyances 
np the strait, it was foond that l£e tide turns off the Start on one side of 
Dover, and the Lynn deeps on the other side ; between these points the 
tide sets steadily towards Dover, while the water is rmng there ; and (tweof 
from Dover in each direction when the tide is faXUng there. This ** tme 
channel stream '' is about 180 miles in leogth each way, from the point 
of union, towards lipm in one direction, and towardts the Start in the 
other. The point of union of the tides off the straits of Dover oscillates 
between Beachy Head and the North Foreland, a distance of sixty miles. 
When the water at Dover begins to fall the separation takes place off 
Beachy Head, gradually creeping to the eastward as the fall of tide at 
Dover continues — at two hours after high water it gets to Hastings, at 
three hours it arrives at Bye; and when it is low water at Dover the line 
of separation is between Dunkirk and the North Foreland. 

It appears, from the elaborate charts which accompany Captain 
Beechey*s paper, ** that for a period of six hours after high water at 
Dover and for five hours before that time, the great stream of the Eng- 
lish Channel and North Sea maintain a steady direction from and towards 
Dover.*' Between Cromer and the North Foreland, Captain Beechey 
states, that there is not half an hour's retardation in the time of slack 
water from the time of high water at Dover, while in the establishment 
there is a difference of five hours ; on the other side the stream, between 
Start point and Aldemey, turns with high water at Dover, although the 
difference of establishment is also five hours. The whole paper is worth 
dose study, being accompanied by very elaborate maps and diagrams. 
Reasoning on these facts, we find that when it is hiffh water at Dover 
(which is five hours afrer high water at Start point) Uie tide has fallen 
about thirteen feet off the Start--or there is about fifteen feet actual 
difference of level in the water surface at the two places, when the cur- 
rent turns at ^spring tides; taking this difference, we have a fall of one 
inch per mile of the sur&ce; this is ample for the gravitating power to 
produce the tidal stream, which appears to vary from 120 to 400 feet per 
minute. 
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Appendix to Rbmarkb on thb vsb ot thb Tables. 



HTDBATTLIC PBOBLEKS, 

WHICH ABE OG0A8IONALLT USEFUL TO THB BNGINBBB, INYOLYINO THB 

USB OF FLUXIONAL CALCULUS. 




PBOBLEM~To determine the Time of emptyioQ^ any Ditoli, or Inun- 
dation, fto., by a Cnt or Koteh, from the Top to the Bottom of it 

Let dr == AB, the yariable height of the descending water at 
any time ; 

& =: AC, the breadth of the cat ; 

d z=z the whole or first depth of water; 

A =: the area of the surface of the water in the ditch ; j^ 

p =: 16^ feet, the descent by graTity in 1". 
Now, the Telocity at any point d, is as V^bd, that is as the ordinate 
DB of a parabola bbc, whose base is ac, and altitude ab. Therefore the 
velocities at all the points in ab are as all the ordinates in the parabola. 
Consequently, the quantity of water running through the cut abgc, in 
any time, is to the quantity which would run through an equal aperture 
placed all at the bottom, in the same time, as the area of the parabola 
ABC, to the area of the parallelogram aboc, that is, as 2 to 3. 

But \/g : |/dr 11 2g I 2|/^x, the velocity at ac ; therefore 2\/gx X bx 
X } = f bx^gx is the quantity discharged per second through aboc^ 

and consequently ^Vg' j^ ^^ velocity per second of the descendin^^ 



3a 



surface. Hence then — ^^-^ : — 

3a 



X :: 



r: 



— SAar 



= i , the fluxion 



^hx\/gx 
of the time of descending. 

Now when a the surface of the water is constant, or the ditch is 
equally broad throughout, the correct fluent of this fluxion gives t = 

iy X /^ ^^^ ^® general time of sinlung the surface to any 

depth X, And when x =: 0, this expression is infinite $ which shows 
that the time of a complete exhanstion is infinite* 
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Appendix to Remarks on thn use op the Tables. 

Bat if <f = 9 feet, 6 =: 2 feet, ▲ = 81 X 1000 =: 21000, and it be 
required to exhaust the water down to & of a foot, deep ; then x = 

1 J *u V • t 3X21000^3 — i ,^.^«« 

i6» and the abovp expression becomes X — 3-^ = 14400 , 

4 X 4|ft| f 

or just 4 hoars for that time. And if it be required to depress it 8 feet, 

or till 1 foot depth of water remain in the ditch, the time of sinking the 

water to that point will be 43' 38". 

Again, if the ditch be the same depth and length as before, bat 20 

feet broad at bottom, and 22 at top; then the descending surface will be 

90 4- X 
a yariable quantity, and it will be 7^ X 20,000 ; hence, in this case 

the fluxion of the time, or 77 — 7— , becomes *"", , X — 4-^ ^ ; tlie 

^bxygx Zbyg x^x ' 

correct fluent of which is t z=z . , X \ — -, — — — tt-^ for the time 

^yg yx yd J 

of sinking the water to any depth x. 

Now when x == 0, this expression for the complete exhaustion becomes 
infinite. 

But if ... ir = 1 foot, the time t is 42' Se''^. 

And when X =: ^ foot, the time is 3^ 50' 28"}. 



FBOBLEIL— To detennine the Tfana of flUing the Ditehes of a Fortlfi- 
oation 6 feet deep with Water, thronghthe ilnieeof a tnmk of 8 ftet 
square, the bottom of whloh is level with the bottom of the IHteh; the 
height of the supplying water being 9 feet above the bottom of 
the IHteh. 

Let AODB represent the area of the vertical sluice, being a square of 
9 square feet, and ab level with the bottom of the ditch. And suppose 
the ditch filled to any height as, the surface being then at xr, 

Put a = 9 the height of the head or supply ; 



& = 3 = ab:=jlo; _ 



•......«..•. 
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5^=164; E 

▲ = the area of a horisontal section of the ditches ; 

« = a — JUfi, the hdght of the head above bv. m ^b 

Then y/g I y/x :: 2p : 2|/^ the velocity with whieh the water prs fls o s 
through the part aepb ; and therefore ^^gx X asvb := 2b-^gx (a— x) 
is the quantity per second running through abtb. Also, the quantity 
running per second through bodv Is 2|/j}iv X Dbcdv = H^Vs* 
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Arrmjma. to Rbmabks on ths usb ot thb Tavlkm. 



f 



(6— a + x) neariy. For the real qnaatity is, by proceeding as in the 
last problem, the diffisrence between two parab. segs. the alt. of the one 
being a, its base 6, and the alt. of the other <(— 6/ and the medinm of 
that dif. between its greatest state at ab, where it is -{(iAD, and its least 
state at od^ where it is 0, is nearly ^ bd. Consequently, the sum of the 
two, or ib\/gx (a + 116— jr) is the quantity per second ranning in by 

the whole sluice aodb. Hence, then, ^b^gx X ^^-'- — ^ = »i ^« 

rate or velocity per second with which the water rises in the ditches ; 

and so » : -i :: r : i = - -*= -tt^ X ' ' the fluxion of the 

V byg c— X 

time of filling to any height ab, putting e^za-^' 11 6 . 

Now when the ditches are of equal width throughout, ▲ is a constant 

quantity, and in that case a correct fltient of this fluxion is < = 



b^gc 
^ ^^' ( ]/ T 1/ ^ y T Y/ ~ *^® general expression for the time 

of fillmg to any height ab, or a — x, not exceeding the height ao of the 

6a 
sluice. And when jr=:AO = a— b=: d suppose, then t zn . / ■ X 

log. /'V^L+j/i . l^lZLil^) is the time of fillmg to od the top of 

the sluice. 

Again, for filling to any height oh abore the sluice, x denoting as 
before a — ag the height of the head above oh, 2\/gx will be the 
velocity of the water through the whole sluice ad: and therefore 

2l^\/gx the quantity per second, and — *^-^ = », the rise per second of 

the water in the ditches ; consequently v : — i : : 1" : / == — — = 

^^ X -4- the general fluxion of the time; the correct fluent of 



2b*^g \/x 

which, being 0, when 4r = a— irrd^is <= ,, / (t/rf — \/x) the time 

i of filling from od to qh. 

' Then the sum of the two times, namely, that of filling from ab to cd, 

A -\/d^\/x 6 
and that of filling from cd to oh, is I 1- — log. 

byg '- b |/x 

» ,t/c + |/a \/c — y'A _ 

i ( • --) for the whole time required. And, using 

[| Vyc - |/a t/c + t/rf^ -^ 

A ri/e - t/3 . 6 

the numbers in the prob., this becomes — — ' + -— X !• 

S\/g '- 3 y42 



V42 + l/9 ^42 - i/6 ^ ^ _ 



. y^TY^ V2f y_N -1 _ 0.03577277a, the thne in terms of -A 



mmm 
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the area of the length and breadth, or horizontal section of the ditches. 
And if we suppose that area to be 200,000 square feet, the time required 
will be 7164", or l^ 69' U". 

And if the sides of the ditch slope a little, so as to be a little narrower 
at the bottom than at top, the process will be nearly the same, snbsti- 
tnting for a its yariable yalae, as in the preceding problem. And the 
time of filling will be Tery nearly the same as that above determined. 



PBOBLEX -If the Water for filling the Ditohes Ibe the Tide, which at 
low water is below the bottom of the tnmk, and rises to suppose 9 
fiset above the bottom of it by a regular rise of one foot in half-an- 
hour; it is required to aaoertain the time of filling it to 6 feet 
high, as in the last problem. 

Let AODB represent the sluice ; and when the tide has risen to any 
height GH, below cd the top of the sluice, without the ditches, let ff be 
the mean height of the water within. 

And put 6 = 3 = AB = AO ; ! f 

A = horizontal section of the ditches ; 



XZ=ZA.Qi jj 



u 
p 



B 



Z = AB. 

Then \/g I y'EG :: 2g :2^g (x—z) the velocity of the 

water through abfb; and \/g I y^EO i: ig I i\/g (•r— z) the mean 

velocity through eohf; therefore 2bz\/g (pt'-z)ls the quantity per 

sec. through aefb; and |6 (x— z) \^g (x— z) is the same through 

eohf; consequently fby/g X (2x + z) |/ (x— z) is the whole 

through AOHE per second. This quantity divided by the surface 

2b\/g jf',. 

A, gives X (2 « + z) y'Cx— z) = ViMm velocity per second with 

^ Sa 

which BF, or the surface of the water in the ditches, rises. Therefore 

i 8a 

v:i :: r :«=- =-7-7- x 



V 2b\/g (2x + z)|/(4r— z) 
But as OH rises uniformly 1 foot in 30' or 1800", therefore 1 : ao : : 
ISOO" : ISOOx = < the time of the tide rising through ao ; consequently 

/ = ISOOi = — ~ X ,^ .', :. OT «z=(2x+z)t/(»-.z).i 

2byg (2x -^^ z)y{x^z) 



• •• 

cxiu 
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is the fluxional equa. expressing the relation between x and z ; where m 

A 3200 

= or isyt when a = 200,000 square feet. 



1200b \/g 231 

Now to find the fluent of this equation, assume 2 = ax' -|- jup* -)- 

c»'+ D* » &c 80 shall 

2 8 '16 

2x + « = 24? + A»* + BJT* + cx* &c. 

(2* + r) / (*-2)i = 2*' i ♦-— **i - :^Ml?^*'* i &c, 

4 4 

and nu = j^^tAjr^i -f^^^^ 4* V'''^^^ "I" ^^^^ i &C. 
Then equating the coefficients of the like terms, 

so shall and consequently, 

JntB =0, B = 0, 

24 

ymc = - f A«, = — J 



^TOD = — }a* — Jab, d = — 



275m" 
16 



875IM* 
&c. ; &c. 

Which values of a, b, c, &&, substituted in the assumed ralue of z, give 

5m 276m« 875«f 

or 2: = — 0?* very nearly. 
5m 

And when J7 = 3 = ag, then z = .886 of a foot, or lOf inches, = ab, 

the height of the water in the ditches when the tide is at cd or 3 feet 

high without, or in the first hour and half of time. 

Again, to find the time, after the above, when ef arrives 

at CD, or when the water in the ditches arrives as high as ^! ' 

the top of the sluice. 



C 



D 
P 



The notation remaining as before, ^ 

then 2bz\^g (x — z) per sec. runs through af, 

and §6(3 — z)\/g(x — z) per sec through bd nearly ; ^ ^ 

therefore V^Vg X (12 + z)^(x — z) is the whole per sec. 

through AD nearly. 

2fti/flr 

conseq. X (12 + z)^(x — z) = r is the velocity per second of 

5a 

the point b ; and therefore 
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V :m :: 1 it = — = 



5a 



2bi/g (12+z)v/(4?—z) 



» = (12 + z)\/(x — 2) ^ where m = 



= 1800;^ or 
= 23j^ nearlj. 



7206^^ 
Aflame z = ax* -|- lufl + ex' -{- Dcr' &c. So shall 

V(, -~ z) == ** - J^ ,1 ~ ^L+J^*l -- :i!±i^+«£^i &c. 

2 8 16 

12 + z = 12 + JLT^ + BJP^ + Gr^ &C ; 
(12 + 2). v'(a? — z) . i = 12**^ — 6Ajrti — (|a« + «B)jr'i &c. 

IIU = §»lA4?»x -{-jpaX^x '\^CX^X &C. 

Then, equating the like terms, &c^ we have 

8 24 96 64 

A =: — , B = — , = — , D = — nearly, &c. 
fii m* 5m' 3m* 

„ 8 i 24 96 i . 64 ^ 

Hence z = — j? — — x* + jp 4 ar» &c. 

m fii« * 5fn8 Sin* 

.^ 8 I , 
Or2=— jr nearly. 

fii 

Bat, by the first process, when « =z 3, 2 = .886; which substituted 

for them, we have z =r .886, and the series =: 1.63; therefore the correct 

fluents are 

8 I 24 
z — .886 =: — 1.63 + —x — — a?« &c 

m m* 

8 i 24 
or 2 + .744 =:— d? — — *« &c. 
m n? 

And when z = 3 = ao, it gives x = 6.369 for the height of the tide 
without when the ditches are filled to the top of the sluice, or 3 feet high; 
which answers to 3'* 11' 4". 

Lastly, to find the time of rising the remaining 3 feet above the top of 
the sluice; let 

J? == 00 the height of the tide above cd, ^! !H 

z =: CB ditto in the ditches above cd; 
and the other dimensions as before. 
Then ^gi y' eg : : 2^ : 2^/^ (j? — z) = the velocity with 
which the water runs through the whole sluice ad; conseq. 
AD X ^V9 (* — *) = I81/5' (d? — «) is the quantity per 

18i/^ 



c 



-IP 

D 



second running through the sluice, and " 



(x — z) = r the 



velocity of z, or the rise of the water in the ditches, per second ; 
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hence r :i : : 1" : i = — = 7- X — : : = 1800i, and nU =: m 

A 3200 

^/ (x — 2) IB the floxional equation: where m = = 

ISO'yg 2079 

To find the fluent, 
Assume z = ao?* + ^^ -|-CJ?' 4"^^ *®' 

Then x — z = or — Aa?» — ^bx* — ex' &c 

i A I AM-4B ) 

X y(x — x)'=.x ie — ~x i — x x &C 

2 8 

i i I 

Then equating the like term, gives 

2 —I 1 —1 

3n 6»« 90n^ 810n* 

-nr 2 J I . 1 i 1 „ 

Hence z = — a? — — j»» + x — «* &c. 

3/1 6»' 90n» 810n* 

But by the second case, when z = 0, or := 3.369, which being used in 

the series, it is 1.936; therefore the correct fluent is z =: — 1.936 -f* 

2 3 1 

—x — — J?' &c. And when z = 3, 4 = 7; the heights abore the 

3n 6n« 1 1 -e 

top of the sluice, answering to 6 and 10 feet above the bottom of the 
ditches. That is, for the water to rise to the height of 6 feet within the 
ditches, it is necessary for the tide to rise to 10 feet without, which just 
answers to 5 hours; and so long it would take to fill the ditches 6 feet 
deep with water, their horizontal area being 200,000 square feet. 

Further, when a? = 6, then z = 2.117 the height above the top of the 
sluice; to which add 3, the heigth of the sluice, and the sum 5.117, is 
the depth of water in the ditches in 4^ hours, or when the tide has risen 
to the height of 9 feet without the ditches. 
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VELOCITIES OF RIVERS.— Table 3 



TABLE OF SUBEACE, HEAH & BOTTOM VELOCITIES 

OP 

STREAMS, RIVERS AND TIDAL ESTUARIES. 
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Bulb. — 71»e Jlrst eobtnm rtprtaaUa the average mar/ace velocUiea at the middfe of a 
river. Any corretponding mean velocitif, when multiplied by the area, viU give 
the diteharge in euhie feet, per minute. ITte bottom velocitiea repreaent the action 
cm the tidee and bottom of any etream, pipe^ or advert^ whose mean velocity is known. 

Non. — ^For velodtiefl in inchefl, per second, divide the tabnlar nnmbera by 5. 
For miles per hour, multiply the tabular numbers by .01136. 
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ARTERIAL DRAINS, NEW CUTS AND RIVERS—Tablh 4a 




DISCHARGE AJTD VELOCITIES | 


m ODBIO AKD LIKHAL fEET 
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CIRCULAR 


CULVERTS.- 


-Tabu 4I1. 






TABLE OF DISCHAEGE AHD VELOCITIES, 1 
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EGG-SHAPED CULVERTS.— Table 4e. 



TABLE OF DISCHABOE ASH VELOCITIES, 
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PIPES UNDER PRESSURE.— Table 6. 



TABLE FOR DISCHAEGE, 

nr OUBIO FEET PER MINUTE, 

APPLICABLE TO ANY LENGTH AND FALL. 



Diameter of Pipes 1 inch to lO feet. 

RuLB.^When the length, &11, and diameter are given, divide the tabular number oppowU 
the diameter bp the square root qfthe rate of ineli$uition; the result will be the disdiarge 
In cubic feet per minute. 

When the length, fall, and discharge are given, muHiply the diteharge by the square roo^ 
cf the rate of itteliruUion; find the nearest corresponding number in the tctble, and 
opposite to it is the required diameter. 

When the length, diHcharge. and diameter of pipes are given, divide the tabtilar number 
for the given diameter by *he discharge ; square the result, and divide by it the length qf 
pipe; the quotient is the head required for driving the given quanti^ of water 
through the pipe. 

Note.— All terms are to be taken in feet and cubic feet per minute. 



Diameter 


Tabular 


Diameter 


Tabular 


Diameter 


Tabular 


of Pipes. 


No. 
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No. 
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Ft. In. 


+ '/Fall. 
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BzAXPLB.— Required the discharge of a pipe 6 inches diameter and 2,000 ibet long, with 
ao feet fall:-- 

?j22? = faU 1 in 100, then 'v^lOO = 10 

ao 

AfttK 

and Tabular Number = 41.66 cubic feet per minute. 

10 

Ifote.— If half the tabular numbers be taken, the discharge will be nearlj that for pipes 
half fall, and the table is thus applicable to sewers, drains, &c. 





PIPES UNDER PRESS UUE.— Table 6a. 


TABLE 07 DISCHA£Q£ AKD VELOCITIES, 

FOB PIPES RUNNING FUXL WITH A CONSTANT HEAD, 
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FEICnON OF BENDS.— Tabm 6 





THEOBETIG HEAD IV IVCHES 




Keqolred to orereome reslstaaee of B—d« ft-om lO* to 90* 1 


FOR PIPES. CULVERTS, DRAINS, AND BIVEBS, 




Wiih CurremU kamng ike 

NoTB.— *The Dnmben glre tbe 
IMst the specified bends, Ti 


Mean veloeUi 


i«f fteletf m tkefini coIm 

or decimals re<pdred todrirc wi 
to the Telocity of disciiarge. 


Iter 


belghtln faidMs 
trying aeeording 


has 3 bends of 20 degrees eaeh .126 X 
and 7 bends of 50 degrees each .632 X 
and 20 bends of 40 d^rees each .446 X 

Total bead reqi 


( «uuiect per in 
: 3 s: .378 
: 7 sr 4.424 
: 90 = 8.920 


DOIUB 

Ilea. 




tired 13.722 ind 


A Hirer baring a mean relodty of 110 feet per minnte 

bas b bends of 4ft degrees each ^ .072 X S s .360 
and 3 bends of 70 degrees each = .126 x 3s .384 
and 2 bends of 90 degrees each s. 144X2 -.288 






Total additional &n reqidred 1.032 ineb. 
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.0004 


Ins. of 
Head. 
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.0009 
.0012 
.0017 
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.0012 

.0018 
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.0036 
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.00^ 
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•0037 
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.0044 
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.0110 


Ins. of 
Head. 
.0024 

.OQ^ 
.0060 
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.035 
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.024 
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I 

86 
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.015 
.017 
.019 
.022 
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.028 
.031 
.036 


.025 
.029 
.033 
.038 
.043 


.029 
.034 
.039 
.042 
.051 


.037 
.044 
.050 
.057 
.064 


.045 
.052 

.060 
.068 
.070 


.049 
.057 
.065 
.074 
.084 


.050 
.007 


1 


.0019 
.oo^z 
.00)6 

.0019 
.0043 


.Oil 

.012 
.014 
.015 
.017 


.024 
.027 
.030 

.033 
.036 


.040 
.045 
.049 
.054 
.060 


.048 
.054 
.060 
.066 

.072 


.057 
.063 

.070 

.077 

.085 


.072 
.081 
.090 
.090 
.108 


.066 

.095 
.106 

:;3 


.094 
.105 
.116 
.128 
.140 


.097 
.108 
.120 

."34 
.»44 


k 


.0052 
.0061 
.0070 
.0081 
.0111 


.020 
.023 
.027 
.031 

.043 


.043 
.050 

.092 


.071 
.083 
.097 
.III 
.153 


.066 
.101 

.117 

.13$ 
.18$ 


.101 
.119 
.138 
.IS8 

.217 


.129 

.176 
.202 
.277 


.152 

.179 
.207 
.238 
.327 


.167 
.196 
.228 
.261 
.357 


.173 
.202 
.235 

.270 
.370 


! 


.014 

.OX2 

.032 

.044 

.OJ7 


.056 

.087 
.iz6 
.172 
.224 


.120 
.187 
.270 
.367 
.480 


.198 

•793 


.240 

.375 
.540 

.960 


.281 

•439 

.632 

.867 

1. 125 


.360 

.562 

.810 

1. 102 

1.440 


.953 
1.298 
1.695 


,726 
1.046 
1.424 
1.860 


.4S0 

.750 

1.060 

1.470 

1.920 



FRICTION OP BRIDGES AND PIPES— Tablb fla. 



TABLE OF AFFBOXIMATE RISE OF WATER, 

OCCASIONED BY BRIDGES, WEIRS, kc. 

From aresoryt " Utalhrmalicl fir iVocUcol Mat." 

Nott- — Tills likbla u npproitlinKtlva onlyi hecBUHe the veloclly niu«t bs tn orer Tjtrylnv 
qiuuitlty. Quctantlng At «JL (Liuab vlth Uie noiounl of river Hood, aiid tltt atvttily 



Vol. 
of 


ProtaMs m» or WaWr, 
belngukeniinnllr. "" " 






.10 


.so 


.80 1 .40 


.M 


.60 


240 

300 
360 
480 

eoo 


t 


■99 


■ M 

■ 69 
Ml 


Feat 
.16 
.SB 

.ts 

«,oi 


F«t. 
■9J 

).4t 


Feet. 
S99 





Aunnud VslaoitiGi ot Water tbzongb FipM in Foot per Hint: 


ro 


Of 


90 


120 


UM) 


ISO 


210 


a40 


S' 




w. 


m^ 


DU. 


n.^. 


Dl., 


lk..d 


1,1.. 


.,^. 


Til.. 


!I»1 


T».. 


ii»d. 


m. 


it^i^d. 


1 
LB 

3 

4 
6 

e 


7.69 
I9.S 


I.+5 

=.151 






.76 
.,69 

i6.j 


o.so 


11 


i 


t.jS 

91.8 
■ Ss 


6.(1 
i-56 

l.li 
J.,6 


..91 


I.4S 


"9 


Fhi, 

1.76 






20 



MOTION AND RESISTANCE OF WATER.— Table 61). 



TABLE OF THE BE8ISTAHCE TO OEE SOUABS TOOT, 

Mcmmg Anmgk Water (or vice verwi)^ 

At Vtfo«i«lM frmm. 60 to 900 Feet yei 

And at SBglM witli the line of fbra fiom 6 to 90 Degraea. 



Jfo(&— This table giTee tlie thurtHeai wrirtinee doe to tlie aeTarml Teloeitiea, 

and la eoa^ated hj tlie fiwmnla 4)75 x ^/ yeL in feet per aeeond a resiatanoe 
at right an^ea per aqoare Coot, in Iba. The angular reaistaneea are eompnted 
firom the lame fenaola aa Hntton'a Experimoitai aa explained at the head 
of TaUe 6e. Beaiatanee for TariaUe fignrea ^>peari to be almost beyond 
anj aaiigned role; Ibr the beat information see Beanfoy's Ezperimenta. Be- 
aiatanee under eiremnataneea of eompoond motion should be at its majrimrnn, 
aoeording to the known elbeta of water-wheela, when the sor&oe morea at £n»n 
one-half to two-tiiirda of the Teloeitj of the flmd, when the beat applteationi 
prodnoe 76 per eent of the weight; altiioa^ at hi^ Telodtiea only 80 per eent 



■• » 


















Angle of 
Sonaee, 


rnMinre per Sqnaze Foot fat the fidlowiiig VeloatiM per Xinnte. 


with 
Line of 
Beaiat- 
anee. 


80 

Feet 


190 

Feet 


180 

Feet 


240 

Feet 


800 

Feet 


480 
Feet 


800 

Feet 


t 

900 

Feet 


Degrees 


Iba. 


Iba. 


Iba. 


Iba. 


Iba. 


lbs. 


Iba. 


lbs. 


8 
7 
8 

9 
10 


.022 
.027 

.033 
.039 

•045 


.090 
.109 

.133 
.156 
.179 


.202 
.246 
.298 

.404 


.359 
•437 
•530 
.624 
.718 


.561 
.682 
.829 

.975 
1. 121 


1-435 
1-747 
2.122 
2.496 
2.870 


2.242 
2.730 

3-900 
4-485 


5.046 
6.142 

7-459 

8.775 
10.091 


15 
20 
25 
80 
85 


.089 

•«5* 
•a?5 
•338 
•449 


•355 
.608 

.940 

^•353 
1.798 


.798 
1.369 

2. 115 
3.045 
4-045 


1.420 

^•434 
3.760 

5-413 
7.19a 


2.218 
3.802 

5-874 
8.458 

11.237 


5.678 

9-734 
15-038 
21.653 
28.766 


8.872 
15-210 
23.497 
33-832 
44.947 


19.963 

34^222 

52.869 

76.123 

101.132 


40 
45 
50 
55 
80 


.665 

•749 
.812 

.864 


2.258 
2.660 

a -995 
3-*49 

3 455 


5.081 

5-985 

6.739 
7.3*0 

7.775 


9.032 
10.639 
II. 981 

12. 995 
13.822 


14. 113 
16.624 
18.720 
20.304 
21.596 


36.130 

42.557 

47.923 

51.979 
55.286 


56-452 
66.495 

74.880 

81.217 

86.385 


127.018 
149.614 
168.480 

182.739 
194-366 


85 
70 
75 
80 
85 

90 


.902 
•93* 

.953 
.966 

•973 

.975 


3 607 
3. 7*8 
3.810 

3.857 
3.892 

3.900 


8. 117 
8.389 

8.573 
8.678 

8.757 

8.775 


14.430 
14.914 
15.241 
15.4*8 

iiioo 


22.547 
23.302 
23.814 
24.107 
24-326 

24.375 


57.720 

59.654 
60.965 

61.714 

62.275 

62.400 


90.187 
93.210 

95-257 
96.427 

97.305 

97.500 


202.922 
209.722 
214.329 
2l6«Q26 
218.936 

219.375 
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MOTION AND RESISTANCE OP AIR.— Table 6c. 



TABLE OF THE BESISTANCE TO ONE 8QUABE FOOT. 

Moving through Air (or vice ver$a). 
At VeloelUes trotn 7&0 to S,600 Feet per Mlnxit«| 

And at angles with the line offeree ftrom 6 Degrees to 90 Degrees, or Right Angles. 

From Button's JBzperimemt$, 



Notes — Dr. Button found that the resistance varied as the square of the reloeity nearly, 
and to an inclined surfkce, as the 1.84 power of the sine x cosine. This table is 
constructed thus : — . 841 « 1. 84 e » resistance In ounces to a plate 82 square inches, 
moring at the rate of 12 feet per second. Mr. Button's experiments went to show 
that the figure of a plane makes no sensible difference in the resistance, but that 
a convex surface of a hemisphere with a surfoce double the base, had only half 
the resistance, and a cone with 74 inches area, at an angle of 26. 42, suffers far less 
resistance than a plane of equal angle, with 82 inches area ; the areas being as 
74 to 82, and the resistance as 87 to 26. It must be observed that at high 
velocities, railway and fast canal boat experiments shew that resistance becomes 
nearly a constant quantity. 



Angle of PreisYire per Square Foot Ibr the following Velooitlef per Xmute. 

Surface, r -^ — o r- 

with , 
Line of , 
Besist- I 



ance. 

Degrees 

6 
7 
8 
9 
10 

16 
20 
25 
80 
85 

40 
45 
50 
55 
60 

65 
70 
75 
80 
85 

90 



720 


1,080 


1,440 


1,800 


2,400 


8,000 


8,600 


Feet 


Feet. 


Feet 


Feet. 


Feet 


Feet 


Feet 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs 


.0054 


.0I2T 


.0216 


•0337 


.060 


.094 


^iS 


.CX366 


.0148 


.0264 


.0412 


.074 


•"5 


.165 


.0080 


.0180 


.0320 


.0500 


.089 


•139 


.200 


.0094 


.0211 


.0376 


.0587 


.105 


.163 


'^iS 


.0109 


.0245 


.0436 


.0680 


.121 


.189 


.272 


.OZ15 


.0484 


.0860 


•1344 


.^39 


.373 


.537 


.0368 


.0828 


.1472 


.2300 


.409 


.639 


.920 


.0569 


.1280 


.2276 


•3556 


.632 


.988 


1.422 


.0820 


.1845 


.3280 


•5325 


.911 


1-4*3 


i-050 


.1089 


.2450 


•4356 


.6806 


1. 210 


1.890 


2.722 


.1368 


.3078 


•5472 


'^SSo 


1.520 


2.375 


3.420 


,1611 


.3625 


.6444 


1.0069 


1.790 


2.797 


4.027 


,1814 


.4081 


.7256 


1-1337 


2.015 


3-149 


4-535 


.1968 


.4428 


.7872 


1.2300 


2.186 


3.416 


4.920 


.2093 


.4709 


.8372 


I. 308 I 


2.325 


3-633 


5-232 


.2185 


.4916 


.8740 


1.3656 


2.427 


3.793 


5-462 


.225^ 


.5080 


.9032 


1.4112 


2.509 


3.920 


5-645 


.2308 


•5193 


'.9232 


i-44»5 


2.564 


4.007 


5-770 


.2336 


SH^ 


•9344 


I. 460c 


2.596 


4-055 


5.840 


.2358 


•5305 


•9432 


1.4737 


2.620 


4.093 


^.90^ 


.2362 


.5314 


.9448 


1.4762 


2.624 


4.100 
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VALUE OP WATER POWER.— Table 7 



TABLE OF HOMnrAL HORSE POWER, 

FOR ONE FOOT OF FALL, 

With the different Effectire Values as applied to Undershot Breast and Overshot 

Wheels and to the TorUne* 



Rtile. — ^Add together the numbers, from the oolomn applicable to the case, opposite 
the several amonnts of cubic feet making up the estimated run of the streams, and 
multiply the sums by the number of feet of fall; the result is the H. power of the iOU, 

Note. — An ordinary Mill will grind about 1 bushel per horse power per hour— a very 
good one 1 .2 bushels — ^therefore multiply the tabular numbers by 1 or l.S (accoiiding 
to the case), and by the number of hours worked, for the bushels ground per diem. 







Undershot 


Breast 


Overshot 


fg^-- _^ f -- - 


Discbarge 
of Stream 


Nominal 


Wheel. 


Wheel. 


Wheel. 


Turbine. 


per 
Minute. 


Horse 
Power. 


Effective 


EfliBctive 


Effective 


Effective 




H. Power. 


H. Power. 


H. Power. 


H. Power. 


Cubic Feet. 












5 


.0095 


.0033 


.0052 


.00615 


.0071 


lO 


.019 


.0066 


.016 


.012 


.0142 


15 


.oz8 


.0099 


.015 


.018 


.021 


zo 


.038 


.013 


.020 


.024 


.028 


i5 


.048 


.016 


.026 


.031 


•035 


30 


.057 


.ozo 


.031 


.037 


.042 


35 


.066 


.OZ3 


.036 


.043 


.050 


40 


.076 


.oz6 


.041 


.049 


.057 


45 


.085 


.030 


.046 


.055 


.071 


50 


.095 


.033 


.052 


.061 


S5 


.104 


.036 


.057 


.068 


.078 


60 


.114 


.040 


.062 


.074 


.085 


65 


.1Z4 


.043 


.067 


.080 


.092 


70 


'iSi 


.046 


.07* 


.086 


.099 


75 


.14Z 


..050 


.078 


.092 


.106 


80 


.15a 


.053 


.083 


.098 


."3 


85 


.161 


.056 


.088 


.104 


.121 


90 


.171 


.059 


.093 


.III 


.128 


lOi^ 


.180 


.063 


.098 


.117 


.135 


.190 


.066 


.104 


.123 


.142 


200 


.380 


.130 


.208 


.246 


.284 


300 


.570 


.zoo 


.31* 


•369 


.426 


400 


.760 


.z6o 


.416 


.492 


.568 


500 


.950 


.330 


.520 


.615 


.710 


600 


1.140 


.400 


.624 


.738 


.852 


700 


1.330 


.460 


.728 


.861 


•994 


800 


1.5-0 


.530 


.832 


.984 


1.136 


900 


1.710 


.590 


.936 


1.107 


1,278 


1,000 


1.900 


.660 


1.040 


1.230 


1.420 


ZjOOO 


3.800 


1.300 


2.080 


2.460 


2. 846 


3.000 


5.700 


z.ooo 


3.120 


3.690 


4.260 


4,000 


7.600 


2.600 


4.160 


4.920 


5.680 


5,000 


9.500 


3.300 


5.200 


6.150 


7.100 


6,000 


11.400 


4.000 


6.240 


7.380 


8.520 


7,000 


13.300 


4.600 


7.280 


8.610 


9.940 


8,000 


15. zoo 


5.300 


8.320 


9.840 


11.360 


9, 000 


I 7 . 100 


5.950 


9.360 


11.070 


12.780 


10,000 


19.000 


6.600 


10.400 


12.300 


14.200 





VALUE OF STEAM POWER.— 


Table B 




PR0P0ETI0N8 OF DOTTBtE-ACTING STEAM EHGIirEfi, || 




EspanBlTB Bud Non-expuiaiT 


e, 




WITS TBI WTSl BV.roll.ttD IXD t:d.U 


"""■■''"■ 


Ndte. 


-For C^^s^ aU^ 30 C■u^.= F.. ->/ »Wr /^ ™- 


C»*^^^.«^r«^, 


lobJ Watei nqulred for Supply of an Engine = 


41 Cubic Fest per 




Hinate per Hon«-Power. 










It full pramre 


MmL 


premn belngfi-ilbs, t«ri»)a>rt iacb Uirougli UiaSti 


0ll«. 


Uituuiiliiint Uie 
•trake. or 91b. 




Di«infitot- 


Vrjinrllj 




Siroka 


W.hH. 


CwU. 




C0.1. 








LcnetU 


por 


vupmilo* 








Po-er. 


PUton. 


per 
■Dlnnlc. 


otaitukB. 






pmho'^r 


Po"or. 


liJSS',. 


i 


'II 


fiWt, 


s 


nomboT. 


cbMd fwi. 


38 


..46 


r 


1 


il:f 


11S7 


:l 


a 


4-7 

;■) 


i 


^:J, 


iH 


I 


3:!' 


>T> 


t:r 


a 


G.I 


fi7 


ni 


;j^ 


1 


...i 


ISO 


I-« 


a 


7;5» 


W 


14-6 


.M 


:1 


S:l 


!?s 


1-9 


xsi 


!i:s 


!S 


Z'i 


lis 










Mf 






16. s 


1B1 


M 


I?:?' 


uS 


a 


Mt 


ii 


;?? 


Ti'-s 


'70 


IS 


J?:.? 


i" 


a 


iU 


%'^ 


^1 


tl 


«■ 


I! 


IS:" 


Va 


l:g 


"' 


»4.7 


S 


S9- 


P 


1 


li; 


5 


I:!' 


1 


17^7 


1)8 


6i- 


6(1 




n'.i 


MB 


fi'I 


"i 


!9-l 


Is! 


79^1 


P 


i 




»" 


&! 


Z 


«:» 


4=9 


as- 

88. 1 


6(6 

SB, 


64 


41.0 


i£o 


6.81 


.1, 


(0.1 


,J, 


9! -9 


.^ 


6» 




i«, 






48 ■ 






11 


jj:j 


^S 


\Xi 


:u 


«:; 




l^:. 


I^ 






170 




,8j 


Sl.T 


^1* 






85 


«'o 


>7i 


It 


ISi 


66; J 


01 


lliift 


11(6 






^1 


i;!' 


'71 


74.4 


6l! 
670 


ltl.9 




™ 


1:? 


194 


::i' 


r* 


78.1 
86.0 


s 


i^l 


;ffl 


P 


IS 


199 
30S 


K- 


if 


5:i 




i1 ' iB' 


Ite 














"1:6 ijsj 




6?;a 






lit 








™ 


67.7 


"' 


>i.J 


Ml 


'S6.« 


'*°° 


^:3 i^Jfi 



PRESSURE 


OF MERCURY AND WATER.— Tabli 9 


EaUIV ALEUT COLTIMHS OF MERCtTEY & WATEE ; || 


WIU. tuelr Fre»»iire ym ■qnti-S Incli 




Applicable ma 


»ucO.«e« 




for Pumpm;; EngiiiM, ind II 






tat .UffiiKtli of l^|>», TuikK ^c , At ,| 


■iTi-'i'lSS; 


Prei.u™ 


Pra»oit! 


lIoLumn at 


y^t^' 


Pn«n« 1 Pfarart || 


p«^,b«h 


l«r«|.(«Qt 


Mmcuij. 


!n»l..nch 


per^J«,.. 








Ihi. 


InchM, 






Ibl, 




-■■] 


.049 


7-07 


18. s6 


3'-39 


14.00 








.098 


14-14 


19.00 


31.88 




1050 




■ 339 






30.00 


33.91 






-4 




:i9« 


18.18 


JO. 60 


34-71 


15.00 


1.60 




.565 


.>4S 


35-35 


31.00 


35 -05 


i5-'9 






.67B 


.194 


41.41 


31-00 


36. IB 


,'5il 


J161 




■791 


■343 




31.64 


37-01 


16.00 


1304 


.8 


.904 


■39i 


5* -56 


31.00 


37-3' 


16.17 


»333 








63-63 


34.00 


JB.H 




1404 


1.0 


1.1306 


.490 


70.70 


34,68 


39.33 


17.00 


2448! 






.980 




J5.00 


39-57 




■'-+74 


2.0+ 


i'3i+ 


1.00 


144 


36.00 




'7.64 




3.0 


3 39 


'-47 




36-71 


4i]6i 


18.00 


l>9i 






1,96 


iSi 


37.00 


41-83 




iSiS 


t°s 


4^63 


2,00 




38 00 


41,96 








s-fij 


I -45 


353 


38.76 


43-96 


1B.00 


1736 


'6. 


6.;S 




414 


39,00 


44.09 


19.11 




6.11 


6.94 


3.00 


431 


40.00 


45-" 




1S18 






3-43 


4<i5 


40,80 


4ft. 18 


20.00 


1880 


a 


9.01 


3.92 


565 


42.84 


48.59 


21.00 


3024 


f..6 


9.15 


4,00 


'7* 


44.88 


50.9= 


22.00 


3(68 




10,17 




636 


45.00 


50.87 


il.OS 


3181 




ii.]06 


4,90 




46.51 


53-»' 


23.00 


33" 




"■57 


fi.OO 




48. 96 




ii4.00 


3456 




11.43 


S-39 


790 


SO. 00 




^:^ 


3535 




'3.5* 


5-88 


848 


51.00 


57.83 




11.14 


13-88 


6.00 


86+ 




67.S3 


19.40 


4141 


<3' 


14.69 


6.37 


919 




79.14 


54.30 






15.^3 


fi.87 


99° 




90,44 




5651^ 1 


I4.'S8 


16.20 


7,00 


1,008 


90.00 


101,76 


4110 


6363' 




is'f 


7.36 
7.85 




100.00 


113.06 
114-34 


49.00 
53.9° 


7777 i 


ifiiji 


tB^si 


soo 


■ .151 




'35-67 


58. 80 


8484 


■7. 




8.34 




150. 


146.70 


63.70 




18. 




8. S3 








68.70 


9898 j 


18.36 




9.00 


..196 


■50^5 




73-78 


10615 ■ 


19. 


11.48 


9.3» 


1.343 


159-3 




78. 11 


M149 1 






9.81 




168.1 


190. 


81.46 


11874 




13-1 + 


10.00 


1,440 


'77. 






.1499 1 


21. 


23.74 




1,484 


1947 


220. 


95'.^ 


13749 




14,87 


.0:78 


1.555 


111. 3 


140, 


104.16 




"-44 


»5-45 


11.00 


'.584 


130 ■? 


iS: 


\f,-t 


15614 1 
'6143 








ii6ij6 


147-8 




111.50 


17496 


4.48 


17^76 


12.06 


■ ,718 


>65-J 


300, 


130.10 


■ 8748 


i;.oo 


jB.iS 


U.15 


■,767 


183.06 


310. 


13B.S0 


19987 


i. 


39-39 


11.74 


1,838 




35°- 


151,90 


1187] 


»6.5i 




13.00 


1,871 




400. 


173-60 


14998 


28' 


M,65 


'M 


iS 





fiOO. 


217.00 


31Sit48 
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WEIGHT AND STRENGTH OP PIPES— Table 10 



WEIGHT FEB TABD AHD BAFE HEAD OF WATER FOB GAST-IBON 



JMaineten 8 to 48 inehei. 
NotSw— The w^JU inclndes a proportion finr aocket at erery 9 feet, allowing the dear 
length of each pipe when laid to make 8 yards, thus each pipe would be about 9 feet 6 
inches from oat to oat The at^ft head is that to which the pipes may be constantly ex- 
posed. The proof head may be doaUe the tabalar amount tf this drenmstances require. 



BOTOt 



inches. 

3 



6 



8 



9 



Thiek- 



lachM. 



10 



11 



12 



Weight 



cwtt, qrs. lbs. 

o I o 

o X 14 

O 2 O 

o a 14 



o 
o 
o 
o 

o 
o 
o 
I 

o 
o 



I 

2 
2 
2 

1 

2 
2 

3 



« 9 

» 25 

3 5 

1 18 

2 II 

3 4 
o o 

2 22 

3 a 

18 

1 18 

3 8 

9 

1 10 
a 14 

3 20 

o 25 

2 3 

3 9 



o 
I 

2 
o 

o 

2 

3 
I 

2 
o 
I 

3 

3 
o 

2 

o 



Safe 
Head of 
Water. 



4 
12 

20 

4 

16 

o 

12 

8 

»5 

4 

21 

12 

3 
23 
17 
12 



feet. 
1000 
1500 
2000 

744 
1128 

1500 

1872 

600 

900 

1200 

1500 

750 
1000 

1250 
1500 

640 

857 
1068 
1284 

564 

750 

936 

1 128 

500 
666 

832 
1000 

450 
600 

750 
9CX) 

525 
684 

816 

960 

50P 
625 

750 
875 



Bore* 



Thiek- 



inches. 

14 



16 



16 



18 



21 



24 



30 



inches. 



36 



42 



48 



it 

} 
i 



Weight 



cwts. qrs. lbs. 

2 2 17 

3 o 18 

3 2 19 

4 o 21 



2 
3 
3 

4 

3 
3 

4 
4 

3 

4 
4 
5 

3 

4 

5 
6 

4 

5 
6 

7 

6 
8 

9 
II 

8 

10 
II 

13 

9 
12 

14 
»5 

u 

14 
16 

17 



3 8 

I 12 

3 19 

I 23 

o o 

a 9 

o 18 

3 o 



1 

o 

2 
o 

3 

2 
I 
I 



o 
I 
o 
o 



12 

O 
16 

23 

18 
15 

'5 
14 



I 19 

I o 

I o 

13 

3 14 

3 24 

1 16 

o 7 

o 23 

2 21 

2 II 

O 20 

3 o 

2 12 

o 7 

2 o 



14 
17 

3 

o 



8a& 
Headof 
Water. 

feet. 

535 
642 

750 
857 

500 
6cx:> 
700 
800 

468 

565 

750 

412 
500 

583 
666 

360 
428 
500 
572 

3>2 

374 
400 

Soo 

300 
400 

450 
500 

249 

333 

375 
412 

216 

288 

3>2 

360 

187 
250 
280 
312 
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FLOOD DISCHARGES.— Table U 



DISCHASGE. 

IN CUBIC VKBT PBB MINUTB, 

For 1 to 100 Arares, with the folloving amounts of Bam-fall 

in 24 hours. 



BaixL 






















in 24 


In« 


In. 


In. 


In. 


^i. 


Ja- 


In. 


Inik 


Ins* 


Inf. 


1-82 


1-16 


1-8 


1-4 


1-2 


8-4 


1 


2 


8 


4 


























Cfnb. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Cub. ft. 


Acres. 


perm. 


perm. 


perm. 


perm. 


perm. 


perm. 


perm. 


perm. 


perm. 


permin. 


s 


.078771 


•>5754 


.31508 


.63016 


1.26 


1.8903 


2.52 


5.0413 


7.5620 


lo.oSz 


.1)6 


-31 


.6301 

•9451 
1.260 


1.26 
1.89 


Z.51 
3.78 


J.781 
5.671 


5-04 
7.56 


10.08 
15.12 


15. IZ 
Z2.68 


ZO.I 

30.2 


4 


•J15 


2.51 


5-04 


7.562 


10.08 


20.16 


30.25 


40.3 


5 


.J94 


.78 


I.57S 


3.»5 


6.30 


9.452 


12.60 


25.20 


37.81 


50.4 


6 


.47* 


.94 


1.890 


3.78 


I'i^ 


11.34 


15.12 


30.25 


45-37 


60.5 


I 


$51 


1. 10 


1.105 


4.41 


8.81 


1J.23 


»7.64 
20.16 


35-»9 


51.93 


70.6 


.630 


i.z6 


2.510 


5.04 


10.08 


15.12 


40-33 


68.06 


80.6 


10 


.709 


I.4Z 


1.835 


5.67 


11.34 


17.01 


22.68 


45.37 


90.7 


.788 


»-57 


3-151 


6.30 


11.60 


18.90 


25.20 


50.41 


75-6z 


100.8 


i 


1-575 


3.15 


6.301 


11.60 


15.10 


37-81 


50.41 
75-62 


100.8 


151. z 


Z01.6 


x.36j 


6.30 


9-451 
11.60 


18.90 


37-81 


56.71 


151. z 


Z16.8 


30Z.5 


3.150 


15.10 


50.41 


75-62 


100.8 


ftoi.6 


302.5 


403.3 


50 


3.938 


7.87 


»5-75 


31.51 


63.01 


94.51 


126.0 


252.0 


378.1 


504.1 


60 


4.716 


9-45 


18.90 


37.81 


75.62 
88.22 


IIJ.4 


151. 2 


301.5 


453.7 


604.0 
705.8 




S-5I4 
6.301 


11.03 


11.05 


44.10 


132.3 


176.4 
201.6 


35^-9 


5^9 3 


ia.6o 


25.10 


50.41 


100.8 


151. 2 


403. J 


604.0 
680.6 


806.6 


i88 


7.090 


14.18 


28.35 


56.71 


113.4 


170.1 


226.8 


453.7 


907.4 


7.877 


15.7s 


31.51 


63.01 


126.0 


189.0 


252.0 


504.1 


756.Z 


1008. z 



For 1 to 10 Square Miles, with the following amounts of 

Rain-fall in 24 honrs. 



Bain 
in 24 
Honrs, 



Square 
MUes. 

1 
2 
8 

4 
5 
6 

7 
8 



In. In. 
1-82 1-16 



I 



Cub. ft. Cub. ft. 
per m. per m. 



50.413 
100.8 
151. z 

201.6 
252.0 
302.5 

351.9 
403.3 

453-7 
504,1 



100.82 

201.6 

301.5 

403.3 
504.1 
604.9 

705.8 
806.6 

907.4 
1008.1 



In. 
1-8 



Cub. ft 
perm. 

101.64 

403.3 
604.9 

806.6 
1008.2 
1209.9 

14". 5 
1613.2 
181^.9 
1010.4 



In. 
1-4 



Cub. ft, 
perm. 

403.3 

806.6 

1109.9 

1613. z 
1016.5 
1419.8 

2823.1 
3220.4 
3629.7 
4033.0 



In. 
8-8 



Cub. ft. 
perm. 

604.96 
1209.9 
1814.9 



1419.8 
3024.7 
3629.7 

4*34.7 
4839-7 
5444.7 
6049.6 



In. 
1-2 



In- 
6-8 



Cub. ft. Cub. ft. 
per m. per m. 

806.65 1008.16 
1613.2 2016.5 
1419.8 3024.8 



3226.4 40J3-1 

4033.0 5041.3 

4839.6 6049.6 

5646.3 7057-8 
6451.9 8066.1 

7250.4 9074.4 

8066.5 10082.6 



In. 
8-4 



Cub. ft. 
I>er m. 



1209.921141 
2^19.8 
3629.7 



4839.7 
6049.6 

7*59.4 



8469.41 
9679.3 

X0889.3 

12099 



In. 
7-8 



Cub. ft. 
perm. 



Z8Z3.1 
4*34.7 



5646.3 



7057.8 
469.4 



8 



9881.0 
XIZ9Z.6 

IZ704. I 
ZIX4115.7 



In. 
1 



Cub. ft. 
permin. 

16x3.23 

3226.^ 

4839.6 

645Z.9 
8066.1 

9679.3 

X129Z.6 
12905.8 

14519-0 
1613Z.3 
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MEAN DISCHARGE OF ANNUAL RAIN.— Table 12 



DISCHARGES DUB TO RADTFALL 

IH DEPTH FBOM TWO TO SIXTY IHCHBS FEB AHMUIL 



Bain per 



Inches. 



8( 



Cubic feet per minnte. 



For 1 acre. 



.01380X 
.02760^ 
.041400 
.O5SX08 
.069011 

.081813 
.09661^ 
.110416 
.1x4219 
.13802a 

.I<l821 

.105620 

.179427 

.193228 

.207033 

.2277 
.248438 
.289842 
.331252 

.37*657 

.414066 



Fori square 
mile. 



8.83 
17.66 

26.50 

35*31 
44.16 

53.00 
61.83 

70.66 

S'.n 

97.16 
106.00 
114.83 
123.66 
132.50 

'45.73 
159.00 
185.50 
212.00 
238.50 
265.00 



Cubic feet per Diem. 



For 1 acre. 



19.87 

39-75 
59.62 
79.50 

99-37 

119.25 
139.12 
159.00 

178 -87 
198.74 

218.62 
238.50 
258.37 
278.24 
298.12 

327.90 
357-75 

417-37 
477.00 

536.62 

596.25 



For 1 square 
mile. 



12 
»5 

38 

o 

3 



I 



loi 

114 

127 



139 
2 

178 
190 



'I 

16 



209, 
228 
267 
305 

343 

381 



Gallons per Diem. 



For I acre. 



123.8 
257.6 
37>-4 
495-» 
619.0 

990.5 
1114.2 
1238.0 

1362.0 

1485-8 
1609.5 
1733.2 
1857.0 

2042.8 
2228.7 
2599.8 
2971.6 
334».6 
3714-0 



For 1 square 
mile. 



79»M5 

158,493 

237,736 

316,982 
396,228 

475t473 
554. 7 J8 

633.964 
713,210 
792,456 

871,701 

950,947 
1030, 193 

1100,438 

1188,684 

«307,37» 
1426,420 

"09,437 

1901,894 

2139,630 

2377,368 



SUBSOIL DRAINS —Table C. 

LBNOTH OF DBAIN PIPES BEQUIBED IN ONE AOBE. 



No. of feet 


Length in 


Length in 
Rods 


apart. 


feet. 


of 16| feet. 


5 


8,702 


5*7-3 


Q 


7,262 


440.1 


9 


5»445 


330.1 


10 


4»35o 


263.6 


X2 


3,631 


220.0 


a* 


2,000 

2,640 


»75-7 
160.0 


18 


2,421 


146.7 


Si 


a»o73 


125.6 


\A 


1,815 


IIO.O 




1,614 
1,450 


i;:l 


U 


1,314 


80.0 


1,210 


73-3 



'fe'L 



1 



EXPENDITURE OP WATER.— Tabu M 




DISCOABGE FOB MraXTTES 


, DAYS AST) YEAK8, 


iti 


CUBIC FI 


ET AKD IM 


PEEIiL GALLONS. 


Pn 


UlHCTI. 


Pu 


DlIlL 


^..^- 


CoWc 


Gallont. 


CuHii Fert. 


Gallasi. 


Cn«=F«* 


Teel. 


6.13 


1,44" 


8,97' 


■7^6 II 




12.+S 


1,880 


17,948 




os» - 1 




i8.fi9 


4.3 >o 


16,911 




57S . 1 




JI.16 


5.760 
7,100 


35.896 
44,870 




'04 1 
630 f 






^8,64° 


53,844 




•56 




43.6i 




61,818 








49 -8f 


ii,5io 






108 


9 




■ 1,960 


8o,,66 




734 


10 


62.32 


14,400 


89,740 


&260 


lO 


1 14,. 64 


iB,8oo 


179.480 


.0.510 


'■S 


155. Bo 


36.000 


"4.350 


iJ-'So 


3° 


.B6.95 


43,100 


169,110 


15-780 


35 




50,400 


314,090 


18.410 


4D 


149 -iS 


57,600 


358.960 


11.04c 


« 


i8Q.4+ 


64,800 


403,830 


13.670 


S" 


311.60 


;i,Doo 


448,700 


X6.10C, 


55 


34J-J6 


79,ioo 


493.570 


18.930 




37i-Eii 


86,400 


1:38,440 


ji .560 


66 


405.08 


93,600 


583,310 


M.190 


70 


43«.H 


ioo,Soo 


618,180 


36.810 


75 




loS.ooo 


673,050 


59 '450 




41)8 isS 


115,100 


717,910 


41.080 


8i 


5^9 ■?» 




761,790 


44-710 




560.89 


119,600 


807,660 


47.340 


95 


592.05 


IJ6.800 
144,000 


851,530 
897.408 


49.970 
51.600 




1.144:4 


188,000 


1,794.816 




300 


1,869.6 


431,000 


1,691,114 


157.800 


400 


2,402.6 

3,116.1 


576,000 


3,589,632 

4^7,040 


210,400 

163.000 


6oo 


3.7J9-I 


864^000 


5.384^448 


315.600 


;oo 


4.3fi.'.4 


1,088,000 


6,181,856 


368.100 




4.985-6 


1,151,000 


7,' 59.^64 


410.800 


900 


5,608.9 


1,196,000 
1,440,0™ 


8,076,671 
8,974.080 


473 ■4™ 
516.000 




1M64.0 


1,880,000 


17,948.' 60 


1,051.000 




18,696.0 




16,911,140 


1,578.000 








3S.S96-310 


1,104.000 


5,000 


31,160.0 


7,200^00 


44,870,400 


2,630.000 


6,ooo 


37.392.0 


8,640,000 


53.844.480 


3." 56.000 




43.6»S. 


10,080,000 


61,8.8,560 


3,681.000 


a.ooo 


49,857. 




71,791.640 


4,108.000 




56,089. 




80,766,710 


4,734.000 








89,740,800 


5,160.000 




68,554 ■ 


15,840,000 


98,7.4,880 


5,786.000 


li,OQO 


7*736. 


17,180,000 


107,688,960 


6,311.000 



WATER SUPPLY a»d POPULATION. 


— TablbM 


WATEH STOPLT Am) DRAINAGE 


ABEAS 1 


Xwiiivd Ibt mlou uBoonta of Fopnlotioa, at different ntlsi of Sopply, 
of Bappl7 ii sdoptad. 




N... 


. „, l>.„^„„,. 


"""i:-:.',.^;.'"- 


Rt,..n,. 


"%"" 




O.UC- 


pa H»4. 

pirDkm. 


rr 


^tttm. 


a cub^ r»i 




1 mono... 


CibicPm. 


.(O 


16,466 


3: 


"z 


6.9S 


l.OJ 


9.76 


St( 


■71 


.(.000 


.».7P 


'1.000 


■0.44 


1(7 


14.65 


.11.4 


..00 


Jt.HJ 


•I,™ 


10,000 


').91 


.-■o 


19!) 


I19.I 


i.i( 


41,666 


l>,>fo 


.i.000 


17.41 


1.61 


14.4* 


.fi7-> 


l-jo 


I°,™ 


17.100 


10,000 


K..89 


I-'S 


19., 


IMS 


VIS 


68,333 


43.TK) 


SS,000 


8437 


3.88 


34.16 


Ul-I 


^« 


66,666 


(O.™ 


40.000 


17.81 


4.1. 


19.07 


110.7 


l.u 


71,000 


56,150 


41,°" 


|i.)l 


4.TI 


41.95 


17B.1 


l.JO 


8l.m 


61.1™ 


50,000 


14.81 


(.16 


4S.S4 


II4.I 


).« 


100.0™ 


7(.<™ 


60,000 


41.78 


6., I 


58.60 


J^.o 


I-Jo 


.«5,l!66 


8J.J0O 


70.000 


4«>7I 


7.16 


68., 7 


4«.7 


+.00 


'IMll 


■00.000 


80.000 


fiT 


8.41 


7B.14 


sari 


tM 

6.0. 


160,688 


125,000 


100,000 


69.64 

8(57 


io.fia 

■1.61 


97.68 


780.0 


7.00 


m.«j 


17!.™ 


140000 


97SO 


'474 


■16.75 


1 «9'-4 


J.0O 


166.666 


KB.™ 


■64000 


•■>.4t 


16. 8t 


.(6.18 


1 t,c>n.« 


9.C0 


j«.™ 


US.™ 


ifcWOQ 


lll.l^ 


i».9» 


■75.B1 


1.1 M-! 


.0.00 


JIMJI 


U0.0« 


lOftOOO 


i|g.>9 


11.01 


.91-16 


1.118.6 


io.« 


666.666 


JOQ,™ 


400.™ 


171.(8 


4i.at 


190,71 


3,343.0 


30.00 


1,000,000 


TtO.OOO 


600,000 


«7.87 


63.07 


s8aos 


M(7-l 


40.00 


1.666,666 


1.000.U11 

1.1(0.™ 


I,™^tt. 


696.45 


»4-lo 


781.44 
976.80 


6.1SB6.0 


60.00 


1.000.000 


1.500.000 


1,100,000 


»IS-U 


ti6.1( 


1,1,1., 6 


7.SM.1 


70.B 


tm.ji! 


l,7[O.O00 


1.400,000 


97S.04 


147-0 


l,)«7.(i 


8.914.6 


So.qo 


1.666,666 


1,0=0,000 


1.6C.1,™ 


1.114.11 


.6B.M 


l.!6l.M 


.0.019.0 


90.00 


,,oon,™ 


1.1(0,000 


..aoo.000 


M(J.6l 


1K9.1I 


1.7(8. M 


11,113.3 


100.00 


3,333,333 


a,600,ooo 


2,000,000 


1.392.91 


210.2fi 


1.883.60 



SYNOPSIS OF RACW4J 



lingboTDDgh'- NoTtbuDptoD 



CKiqiet-a.k'Pritb. 
Hria 

LLlTfiTpOD]..., ..... 

Barj.. '.'.'.'.'.'.'.'.'.'.'. 
Sowerby Brldga .. 



Vmilo Holme. BUckitDBg Ed 



SijarkUiw Tiro .. 

(iTMt flihls „ 

IIswcuilo-npan-TTiM ,. 

Applfi^uth . . ........Da 






kp for pvlodB or four m 



IN GBEAT BRITAIN.— TiBLi U 



tHUDOgti frm Ki. Bmiio, C J^ 1 Cnbliiiii La%err 



Koitlngtivn t 






DETAIL OF MONTHLY BAIN 



~ 




JU..T 


P«*ro«rr. 


Mueh 


Aoril 


»«y. 


~ 


"" 


^,u«;' 


Total Ho.^ 
&1L , &U. 


Toul 


Hmr, 


Tonl 
tiU- 


^s. 


tell. 


fiiU.' 


!( 


A- 


1 

III 

'itl 

! 

1 
i 

1S41 

1 

■erage 


I 


1 

i 

9» 

J* 

■W 
67 

a 

7* 

i 


■is 
,:S 

!:« 

!| 

l-7( 

1 

.1 


liu. 

i| 

4-H 

i;i7 
::£ 

!'^ 
■90 

:: 


Int. 

•-S 

■9* 

i 

1.80 

1-7S 
1,61 

■3 

■*! 

.S74 


1 
!i 

'■71 
■•4f 

iiis 

.:« 

l!o8 

=1 

■94 

1.41 


4 


1 
2 

it 
79 

6) 


IB.. 

J 

■ .Is 

?;S 
11 

;:| 

1,41 


lu. 

_:E 

-41 
■4' 

■9" 

■40 
1-4= 

I.JJ 

'1 

-79 
.87 


'.It 

^:", 
■71 

•■94 
1.41 

4ijo 

1.B] 

ii 

^1 

1-41 

1.89 


"i 

.;« 
:li 
■:ll 

1-04 

■ It 

■ 40 
>.«8 

'? 

.69 
'■'? 

»-'4 


Ii 

I 

4- 
4- 
I- 

*■ 
+ 


A'V 


'SBAGE OS 


BAUI FOB 1B44, 184S, 1846 ft U4T, 


SS£.' 




Chapel 


■on-IO-FrtUi 


.... .. 19-9« - "■» 


E DAT. 
IBU. lUT. 


Man Che 
Marpte 


OBEi 


LTZST DEP 

.■.■.■.■::;■!$ 


.-.IS: 


V 


bW^T 


Ha 






M.Ottobsrirt" '.. 
Hon 

IrcUft , Bt r,llmoiru 


. 


'S 


5v. 


j'Z 


JulT 

toioi 


r 


„ 
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TEOPOBTION OF HEAVY FALL 


—Table 15a 




liflj. 


Augut 


Sept. 


Oet. 


Hw. 


I>Mi. 


Tutu 
f»il. ' 


llBTy 


Wl. 


rotmi 


Hrj- 


r 


"^ 


'?X 


',H 


full. 


fidh 


r 


S7 


rotti 

Ml. 


iiiT 


Int. 

;■£ 
11 

iii 

1.8. 

sl 

J-7' 

IS 


:| 

l:i 

»-«! 

t.71 

1 
11 

1.4 
1.17 


1 

i 

::S 

-1 
.., 

il 
il 

H 

1.46 


4.»7 

1-J7 
1.8s 

i!l 

':? 

'7 


i 

»-74 

4-8. 

il 

::l 


■r 

■* 

■7t 
i.j. 

:i 


11 

i'' 
(■* 

;l 

i'i' 

):s4 
4.11 

11.70 

7.6u 

;:« 
1 

il 


'■* 

j:S 

7.4s 

'il 

6.6S 

i'« 

'-9 


Ids. 

1 
;:S 

"1 
il 

L84 

1.70 


4!^ 

ii 
4.41 

1 
1 

1.8! 


11 

1.96 
I'sS 

:l 

.BE 


il 

■77 
4.6t 

■'! 

■71 

■V 

■ i\ 


„.,6 

19^7° 
17-71 

!6-7= 

iiS 

17- 1» 

!9.6o 

49. !' 

ii:S 

1,-66 

va 

11 

17..6 

its 

14.19 


i 

;i:s 

.J.6. 

;i 

■79 

141D 


ii 
1 

4J 

■to 

i 

i 

i 


;i BmIod, Un 
lUt gives the flvorsg" 'nJn In t 


uantily of ti^D \n DBdL 

the anioqnl of rsln gi 

diomaltoglstrioH. 
the I^ntlind HI lit, 7M 
,. Aymdile ,. 600 

BLnsUto, about *D 


1 
uoulh Df Iho roan ijxKilled, 

ftf I SDOVB UiB au. 

Drdinary hUl dlstrteH. The 


The following 
teatise on Hjdr 


Table of 


^ninln 

neering, b 


o.ofTn. 


j'ncted from a. Terr useM 
i^er, C.E., of Dublin. 
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VELOCITIE&— TABLBie GRADIENTS— Table 17 



Fset per Hinnte and milea 


Bate and FaU is Fmc per KUa tnd pw || 


"^V^Smi. 




Cluln. 


F.,rte«IK.f«='^.ld=i,,60 











r feel per mile dirtda 6280 6y ttc rsto. 


formnMf*rl>oi.rmulH,.Jjby.OllJi 


f 


r feci per didn dlrlde 66 fcy IHa rata. 


FwC 


HUei 


Feet 




Hate, 


FALL, 


Bate. 


,^. II 






F«tpor 


Feel per 








permln 


per Hoar 


«r mill. 


per iiou. 


one In 


mile. 




one in 


miv' 


cluin. 




„,( 


iSo 


,,T8l 




lOiS 


'!■> 


iBo 


19, 


.]« 


ii 


:i 


i 

31k, 


{ 


£ 


1 

s 


88= 


"n 


jK 


K 


.,& 


il 


:iE 


1 


0B9 




5M.6 
IH.O 


u 


§! 




:jjl 


'I 




410 


^ 




M 




\T> 




14 






:KS 


X 




W8 


i3 


^J 


t:d 


3-' 


ii 


.188 


i 


■if: 


4S° 


liS 

6.SU 


" 


z64 


I 


s 


1' 


\i 


:^ 


<o 


ijftSl 


6!o 
700 

75a 


71M 


i 


ili:i 


\ 


1 


S 


'i 


:iS7 


s 


.6i(0 


800 
Bio 


l^ 


ll 


t: 


; 


" 


i; 


Y, 


::a 


65 


■7IB7 


900 


"■"* 


61 


«i.i 


I.Ol 


44D.O 


" 


.IJO , 


70 


■79SI 


9i° 


.D.796 


70 


7F-4 


.Si 


480.0 


„ 


..j! ' 


8s 


-■si- 


TOsS 


...,?i 


u 


64-4 


g;i 


1 


:\\i 






iii 


it. 


is 


«i.8 


1 


Bteo 


I 


-^74 1 
.07S0 ] 






.760 










9fa 




.o6y, 




■-19I 


I?!* 










«IS 


S-oc. 


.1:61; 


u? 


l.ljO 




3: 


w'^ 


»:i 


% 




4-! 
4,0 


.0561 


ii 




s 


"; 


1 


HI 


1 


g 


l!75 


:S] 


'£ 


i:| 




1 


f 


<sio 


:| 


i 




iol!. 






JSJI 


ii: 












.nsfi 


'<! 


.;877 


4048 


«! 


41.1 


-Ji 


SlSc 


■■ 




ii 

IBs 


;.9H 


w» 


■*'■ 


no 


4=,6 


;B 


5760 

6„6 


iDchea. 


■-.; 


liS" 


!S 


E: 


;jj 


i 


-47' 


??S? 


1 


ii . 


190 


t:l?? 


s'fc 


7': 


5!° 




.440 


:Si 


J 








65oo 


71- 


is; 










s 


J:g 


jE 


Bo. 


i6i 

17= 
176 




.400 


iiS 


I 


.0041 , 
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COMPARATIVE MEASURES.— TableW 



CHAINS, 7ABDS, AND EEET, 

with tfa«lr Reciprocal BqniTalents, and a Table of Reductioiui 

tor Slopes. 

LMt ^ 7 .9iinehei. Chain -^ 19^ inehet. 



Chaiiui into Feet. 



^ h) 



Tarda. 



o. I 

O. 2 

o- 3 
o. 4 

o. 5 

o. 6 
o. 7 
o. 8 
o. 9 

0.10 

O. 20 

o. 30 

o. 40 

o. 50 

o. 60 

o. 70 

o. 80 

0. 90 

1. 00 

2. 

3- 

4- 

5- 
6. 

7- 
8. 

9- 
10. 

20. 

30. 

35- 
40. 

45- 

SO- 
BS- 

60. 

6s- 
70. 

75- 

80. 



.22 

•44 
.66 

.88 

1. 10 

«.3i 

1-54 
1 .76 

1.98 

2.20 

4.40 

6.60 

8.80 

11.00 

13.20 

15-40 
17.60 

19.80 

22.00 

4100 

66.00 
88.00 

no. 

»3*- 
154- 

176. 
198. 
220. 
440. 

660. 

770. 

880. 

990. 
1 100. 
1210. 

1320. 
1430. 
1540. 
1650. 

1760. 



Feet. 



.66 

1.3* 
1.98 
2.64 

3-30 

3-9^ 
4.62 

5.i8 
5-94 

6.60 

13-^0 
19.80 

26.40 

33-00 
39.60 

46.20 
5i.8o 

59-40 
66.0c 

132 

19^. 

264. 

330. 

396- 
462. 

5*8- 

594- 
660. 

1310. 

1980. 

2310. 
2640. 
1970. 
3300. 
3630. 

3960. 
4290. 
4620. 
4950. 
5280. 



Feet into Chaini. 



Feet. Yards. 



.10 
.20 

•25 
.30 
.40 

-50 
.60 

.70 
.75 

.80 

.90 
1. 00 
2.0 

3-0 
4.0 

5-0 
6.0 
7.0 
8.0 

9.0 

10. o 
15.0 
20.0 
24.0 

27. 
30. 

33- 
36. 
39- 

40. 

42. 

45- 
48. 

50. 
51- 

54- 
57. 
60. 

63. 

66. 



.033 
.066 

.082 

.010 

•»33 

.166 
.200 

•^33 
.250 

.266 

.300 
.33 

,66 
1. 0001 

1.33 

1.66 
2.00 

2-33 
%,66 

3.00 

3.33 

5-00 
6.66 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 

13.33 

14.0 

15.00 

16.00 

16.66 

17.00 

18.00 
19.00 
20.00 
21.00 

22.00 



Links. 



0.15 
0.30 
0.38 

0.45 
0.60 

0.76 
0.91 
1.06 

1. 13 

1.21 

1.36 

1. 51 

3.0 

4.5 
6.0 

7.5 
9.1 

10.6 
12. 1 
13.6 

15. 1 

22.7 

30.3 

36-3 
40.9 

45-4 
50.0 

54-5 
59-' 

60.6 

63-3 
68.2 

72.7 

75-7 
77.3 

81.8 
86-3 
90.9 

95-4 

100. 



For each 100 on Slope. 



Rata of 
FaU. 



Angle. 
Deg. lOn. 



I in 20 

19 
18 



» 
tt 

n 
if 



17 
16 

15 
14 

13 



1 in 12 
11 
10 

9 
8 

7 
6 



»f 



1 in 5 



I in4 



I in 3 



I in 2 

n 
9* 

I in i^ 

i„i 



i.o 

2.0 
2.52 
3.01 
3. II 

3-»a 
3-35 
3-49 
4-05 

4.24 

4.46 
5.12 

5.45 
6.20 

7.10 

8.10 

9.30 
10.00 
11.20 

12.00 

13-00 
14.02 
15.00 
16.00 
17.00 

18.00 
18.26 
19.00 
20.00 

21.00 

22.00 
23-00 
24.00 
25.00 
26.00 

26.34 
27.00 
28.00 

33.41 
45.00 



Deduct. 



.015 
.061 
.126 

.137 
•>53 

.173 
.198 

.225 
•»54 

.297 

•343 
.406 

.503 
.610 

.781 

1. 014 
1.373 

i-5»9 
1.950 

2.185 

a-563 
2.980 

3.408 

3.874 

4-3^9 

4.894 

5-130 

5-448 
6.031 

6.642 

7.282 

7-949 
8.645 

9-3^9 
10.120 

10.570 
10.900 
II .645 
16.667 

29.290 



USEFUL WEIGHTS AND MEASURES.— TaIilb 19 

Inches and Fractions expressed in Decimals of a Foot. 



■.t,i 



oIX* 



;^^' 



HiaceUajieoiu Nnmbers and Boles. 

Ircom.DfCircli— D[&.K!.i4ia Cnblc Ini:h. Ln Imperliil Qal 

rsa ,. —Dill X .79I4 Da. In Impair Uc 



IfddCube-ibasexhHlsht 

Cooe klV' SDT.Bf Etrt. of ti>» xdont lid 



a:a 



Reduotioa of Forei^ 

a .. .. = O.OJ9J7 lochos 
ra .. ., = 0.19171 .. 



Incb (pODCfi) 
Llpa mine) 

KIL per Bq. MlUm. 

tf stre, ninue 



Ueasiires into English. 

JVmcS. £i<^M 

(land) .. .. =J.9]perch€B 






. ^1.6»:>) Ito. Trof 



:i::!! ;: 
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USEFUL WEIGHTS AND MEASURES. -Table 19a. 



Areas of Segments of a Cirole, and Lengths of Circular Arcs, 

Taking diameter as unity fir Areai^ and base qfaegmente ae 

unity fir Lengths, 



Bulb 


FOB AakAS.— Multiply the area 


of the circle of which the given segment 


is a part, by the tabaUr area, the result will be the area required. 


V.Sln. 


Area. 


Length. 


V.Sln. 


Area. 


Length. 


V.Sln 


Area. 


Length. 


.01 


.0013 


• • 


.18 


.0961 


1.084 








.ox 


•oo|7 
.0068 


• • 


.19 


.1030 
.1118 


1.093 


'H 


.1450 


1.300 


.03 


• • 


.20 


1.103 


.36 


.»545 


1.316 


.04 


.0105 


a • 


.11 


.1199 
.1181 


1. 114 


:li 


.1641 


1.33* 


.05 


.0147 


• • 


.u 


1. 114 


•»739 


"•349 


.06 


.019A 


1.006 


•»3 


.1364 


1.135 


•39 


.1836 


1.366 


•°z 


.0141 


1. 018 


•M 


.1449 


1.147 


.40 


•«934 


1.383 


.08 


.0*94 


I.014 


•.n 


.1535 


1.159 


•4« 


.3031 


1. 401 


.09 


.oj$o 


I.OIO 


.1613 


1. 171 


.41 


.3130 


1.418 


.10 


r0409 


i.oa6 


:3 


.1711 
.1800 


1. 184 


•43 


.3210 
.33M 


'•437 


.11 


.0470 


1.031 


1.197 


.44 


1.455 


.11 


•05J4 


1.038 


•*9 


.1800 


I. Ill 


:% 


.3418 


1.474 


•n 


.0600 


1.044 


.30 


.1981 


1.115 


.35*7 


>.493 


.14 


.0668 


1. 051 


.31 


.2074 
.2167 


1.139 


:S 


.3627 


1.512 


M 


.07J9 


1.059 


.3» 


1.1.4 


•37*7 


1.531 


.0811 


1.067 


.33 


.2260 


1.169 


•49 


.3827 


1.551 


•>7 


.0885 


1.075 


•34 


.»355 


1.184 


.50 


•39*7 


1.571 


Idangth. of Degrees and Minutei 


Height of Apparent alnyve True Level. 


of an Arc, 

RADroS BEINO UNITT. 




The Correction for R^raction U to be applied 
when neees$ary. 










Dist. 


Subtract 


Dist. 


Subtract 


Dist 


. Subtract 


Deg. 


ijetiguit 


Min. 


Length. 


Chns. 


Feet 


:7hns. 


Feet. 


Chm 


1. Feet. 


X 


0.0174531 


I 


0.0002000 
0.0005818 


I 


0.00 


II 


0.012 


21 


0.045 


z 


0.0349066 


2 


2 


0.00 


11 


0.015 


22 


0.050 


I 


0.05*3599 


3 


0.0008727 


3 


0.001 


13 


0.018 


»3 


0.055 


4 


0.069813Z 


4 


O.OOIIOjO 


4 


0.002 


M 


0.020 


»4 


ao6o 


i 


0.0872665 


5 


0.0014545 


1 


0.003 


15 


0.023 


S 


0.065 


0.1047 198 


6 


0.0017454 
0.00Z0363 
0.0023272 


0.004 


16 


0.027 


0.070 


I 


O.I1ZI73I 
0.1396x64 


i 


7 
8 


0.005 
0.007 


:i 


0.030 
0.033 


% 


0.075 
0.080 


9 


0.1570797 


9 


0.0026181 


9 


0.008 


19 


0.037 


29 


0.085 


10 


0.1745330 


10 


0.0029090 


10 


0.010 


20 


0.041 


30 


ao9o 




BBICSCWOBK. 


Square Yards in Beoimals of an Aere. 


1 Rod takes 4,200 to 4,600 Bricks ; 
270 to 800 Bricks = 1 ton. A 




rod is 806 c. ft., or 11.38 c. yards. 


8q. 


Decimal 

of ^ 
an Acre. 


Sq. 


Decimal 

of 
an Acre. 


Sq. 


Decimal 

of 
an Acre. 


Wall 


Contains Bricks. 


Yards 


fards 


Yardfi 


sup. feet. 


At 1 Brick, h 


.tli Brick. 


I 


.000Z06 










1 


11 


16 


1 

i 

4 


.OOQ^I 
.OOOOZ 

.00083 


10 

30 
40 


.0041 
.0062 
.0083 


100 
300 
400 


.0413 
.0619 
.0826 


1 
3 
4 


12 
33 
44 


33 

UK 


1 


.00103 
.OOIZ4 


S 


.0103 
.0124 


n 


.1033 
.1230 


1 


& 


81 
99 


I 


.00144 
.00165 


IS 


.0144 
.0165 


n 


.1653 


i 


^ 


"5 


9 

10 


.00185 
.00100 


90 
100 


.oi8| 

.0100 


900 .18] 

1000 .JOt 


1^ 


9 
lo 


99 

no 


t 
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WEIGHT, STRENGTH, &c. OF MATERIALS.— Table 20 



iTCTATii^ BUILDnrO KATEBIAL8, FLUIDS^ Ibe. 



or vAmiovs pbofbktibs. 



Hie different qiuBtln of materials in time tablet cxm ew an wenange, tnm ttMb bert 
aatluiritiea, and in manj cans tram original experimenta. Alknranee nniat be made, in 
manj eaaet, for tlie natoTB of tbe materials, wlien applying tbe tablea, aa many are in tiwir 
natnre rariable. 

Tenacity Taries as the sfrtional area. 

Transrerse s lr e u g U i as the sqoare of the depdi •=- bytbe length te redangiilar 
or as the cube of tlw diameter -r hj the length in ^Undrle ~ 



Rf s ittai x ^ to cmshlng 



generally in a mnch more rqpid ratio than Uie 



Ihe nraltipBen te transrem strengfli gire tiie breaking wei^ tor rectangniar beams, 
JUed mi one end and loaded mi ike 9tker: ttau,T!^L^^^]^ =breakin« weight in Ha.; 

Wlien JLred mi one end mmd mmiformit loaded, take twice tlie tabolar number. 
yrYkOitmpportedmi both ends and lomdedm the muddle, take /;»•»• ItaMstiie tabolar nnmber. 
When supported mi both ends and mmifonmlg lomded, take eight Uaue ttm tabolar nomber. 

KoTx.— Safe load ahoold not be more than one-ibiirth to oaeniztti of timbnaUng wei^. 



l 



Antimonj, Cast 

Bismuth, Cast 

Brass 

Copper 

Gold, Pore , 

Gold Coin 

Iron, Cast (yariable) 

Iron, Swedish , 

Iron, Malleable, best 

Bar 

Lead 

Mercury, Fluid 

Platinum, Purified... 

Silver, Standard 

Steel, Soft 

Tin 

Zinc 



Specilic 



Wel^ 

ofa 

cubic 



Grarity. Foot in 
IbsATds. 



I 



418 
613 

538 
1203 



6.600 
9.810 

8.399J 
8.607: 

«9-i53! 

17.6471 
7.104! 444 

7.600 

7.700 
11.446 

13.568 
Z0.250 
10.300 

7.800 

7.291 

7.028 



481 
717 

848 

1219 

644 

490 

455 
439 



Melting 
Point. 
Fah. 



8lO» 

47* 
1869 

2548 
*590 



3479 



6l2 



wire 

12800 

442 
700* 



Tenaeitj 

por 

Sq. Inch 

in lbs. 



i 



1066 

3150 
17968 
19072* 
Z0450 

>3440? 
230003 
68000 

6oooo( 
1824 



... 56000 
40900 
120000 



i 



53« 
16090} 

20000) 



Cmahing 
Force per 
Sq. Inch. 



32»to812«. 



10304 



TONS. 

40 to 50 



20 to 30 



1.0011 
1.0014 
1 .0020 
1.0018 
1.0016 



l.OOIlt 



1.0012 
1.0028 

i.oi6o§ 
1.0009 
I .0019 

I.OOli 

1.0022 
1.0029 



• Wrought Copper Tenacity 33,000 lbs. t Shrinks, when cast, } inch per fbot 

} Tenacity of Cknnmon Bar (say) 15 tons per square inch ; Elastic Power (say) two-thirds 
of ultimate strength ; Best Iron one-half. Cknnpression begins at 10 to 12 tons. 

Multipliers for transverse strength. 
Cast Iron aTcrage 8,000. 
Wrouffht Iron average 16,000. 

$ Boils at 660' ; expansion of glass tube 32^ to 213o s= 1 .0008. 



fTSIOHT, S'HLCNGTH, he. OF UATEBIALS.— Table 20 



AlsliaiteT 

Buatt 

Brick 

Brickwork, in Cement . 

Do. in Mortar . 

Concrete, 'Porilil. Ceroent 

Do. conimou Lime. . 
Cement, Portland 

Do. Soauu 

Chalk 

Clay, Medwa; 

Do. common 

Coal, Newcamlo 

Do. Welsh 

Do. Caonel 

Coke 

Eartb, lammed 

Flint 

FlooriuR 

Olasi, plate 

Granite, Comiih 

Do. Aberdeen 

Do. Bed Egyptian ... 

Lime, of Stone 

Do. ofChalk 

Limettone, Bolsorer 

Do. Bine lias 

Do. PlTmoutb 

Do. Stolnar; marble. 

Do. Pnrbeck .. 

Marl 

Mortar 

Oolite, Bath 

Do. Portland 

iPorphjry 

PoEzolano ---... 

Snnd,Kiver 

Roofing 

SandBtone, Bramlej Pall 

Do. Dta]ey Dale 

Do. Cnugloith ... 
I Do. Tock LaniUng 
I Serpentine, Green .. 

Shingle 

Slate, Welsh and Valencia 
I Do, Westmoreland .. 
Solphur 



flludunui.} 



Weights 

ore probntly a 



Jktliig .. 



<?iS' 



len^ 37 
principal! _ . . 
ftpart; weight 



WEIGHT, STRENGTH, he OF MATERIALS— TablbSO 









L*rch 

LaneoWood 

Ij^um Tiue 

Moboganj, Spaoish .... 
Do. Hondoraa . 

Oak, English 

Do. Canadisn 

Do. Dantiio 

Do. AlHcui 

Oreen Heart 

Rne.Bed 

Do. American Teliow, 
Plane Tree 

1^° 

Wainnt 



FLUIDB. 

Alcobol, Commercia]... 

Ammonia 

Btber, Snlphinic 

Milk 

Moriatic Add 

Kaplha 

Olive Oil „ 



noa . 



Sulphuric Acid 

TnrpoDtine, Spirit ., 
Water, Bain 



Air 

Ammoniacal Qas 

Carbonic Acid 

Chlorine 

Carburetted Hydrogen 

Hydn^en 

"t/Bon 

Iphureooa Acid 



.81)7 


ii 


■ JTJ 


*6 


.un 


H 


.iy4 


Ji 


■p. 


57 

';4 


.H' 


m 










.016 

•9+0 


S 



«s 


5^5 
tit) 






470 


146 






069 


41 


■UJ 


H07 



53 to 57 - .98« 



WEIGHT OF IRON, &a— Table 21 
MALLEABLE IRON, FOR ONE FOOT IN LENGTH. 

tor night or cut Iron, malllplr br .9i For wel(hL o( brsiB miiltlpir br I . (W 



BOPHii Airo aanAEE bail 



?ld6 Tlifck. Thick. 7 



:. Thfck. 



321 i 



e\Sl\ 7.6 lOJ |I2.7 I 
SHEET METALB,~-Foot 8np. 



TEIOHT 07 OAilT lEON BAIXB. 
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SUSPENSION BRIDGES.— Tablb 8S 



LEVGTH AHD TEniOV OF CHAniB. 



Hidr.^Vor Tension— Mmltiply the total wcigkl to be mMpended by the 
fiu;tor oppoiite the deflection or Tcned sine of tlw Chainfl ; tiie prodnct is the 
total tension at the middk, or point of sospensioB, as may be reqmied. Tbe 
nse of die otber cohimns are obruMis. 



Point of 
Siui>enftioii. 



Vemdaine 

or 
DefloetloD. 



Length of 

Chain, 

Chord line 

being Unity 



Tension 
the Middle 
v»eii^t 
pended 
Unity. 



Iddle ?™ 



Tenfkmat 

p intof 
Suspension, 
eight ans- 
-pended being 
Unitj. 



Stale of the 
Anfi^at 
Point of 



j 

Coflfaieof ! 

Angle St ; 

Point of : 

Sospension* 



5- 
II. 

17. 



•43 
.19 

•SS 
•57 
.06 



18. .33 

19-. 59 
21.. 48 



I -40th 

l-20th 

1-16.28 

i-i5th 

x-i4th 

i-i3th 

i-i2th 

i-iith 

i-ioth 



1. 012 
1.015 
1.018 

I.OZO 

1.024^ 

I .0288 

1 .0349 



4 

2 

2 
I 
I 
I 
I 
I 
I 



995 
485 

003 

877 

753 
625 

490 

373 
252 



5.200 

i.53^ 
2.080 

1.943 
1.823 

1.700 

1.572 
1.463 

1-349 



0.0996 
0.1962 
0.2396 

0.2574 
0.2747 
0.2940 
0.3181 

o.34«7 
0.3714 



0.9950 
0.9805 
0.9708 
0.9663 
0.9615 

0.9558 
0.9480 

0.9398 

0.9285 



OEVERAL EXJI1E8 FOE CATENARY CUEYES. 

To find angle qf direction (m) qf curve at point qf euqtenekmf wben Ibe 
chord line and versed sine are giren ? 

2 ▼. sine 
sine of d?= ^^^ ^ line'+semichord ») 

To find the tension at each point qf suspenHon (T) when the angle of 
direction {x) at soch points is given ? 

_ Total weight suspended. 

2 i^e OF. 

To find the tension at the lowest point of the curve (/) when the angle 
of direction Qc) at the point of suspension is given ? 

t = i the weight suspended x cosine jp 

sine 47. 

Note. — For an easy rule« although not precisely accurate, take — 

t =chord X weight 

8 V. sine 

Horizontal pull on the points qf suspension =TX' cosine m ; therefore if 
chains are unbalanced, this will represent the tendency to upset the towers ; 
and if the chains pass back at an unequal angle, the <tifference of the cosines 
of the angles of direction is the measure of resistance on each. 

Vertical pressure on the points qf suspension =T x sine x. This pressure is 
additive in any case, for both sides of the point for the tension on the backstay 
must balance the main chains, the difference of pressure on each side is there- 
fore only as the sine of the angle J?. — (Drewry^ on 8, BridgesJ 



UOOrS AND LOCK GATES— Tabu 2S& 



TEHSIOH OX THSUST 07 B0078, «c. 



BCOs' 


.u/£r 


IhH lengUi °r • D. 












Angle. 


i,r TanHlon 


aublanilod 
Angle. 


pitth 


r..... 


auWsnded 
Anglp. 


hlwh 


Tnuioii. 


Deg. Ulu 

II 

is 

17} -00 


.ocA 

:3 

.OM 


11 

r6.39 

1D.44 

9-S7 
l.t] 

If. 


>ei,- Mln 
170.00 

11 

I67.IS 

ir 

IS: 


.on 
.057 

.OS, 

i 


IT 

J. 01 

i:S 

\"i 

Z 

1 


Deg. Uln. 


.lolS 
.119 

:| 
.160 

.as 

■i 


Wt-LIO 



BTBAIH AND DIHENSXOHS OF LOCK GATEIS. 
6F«et. BFeet 10 feet. 12FMt. 14 Feet. 16 Feet 18 Feet 30 Put 



I 

e iiaiL bau- Mb. b 



i'J 



:;i;ir"" 
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CAST IBON BEAMS.— TablsSS 





TAHLB OF SAFE LOAD, | 




IF BQCALLT DU 


snmrTxis ■ 


■ riiwiip m CWTB, 




■s • to !• ] 


E>ChW«M». 




npoaedbeaBhaato8nppart.hythov«khtefthoioor 1 




•r bridge, and tlw graiMt k»d,dw to mck nm. aO te cwta.; flad the Mowt 




—nriwiidtiig Bvmber ia the tiMe, Itfvfiw tke raqaired depth aad tesgtk, and tba 
proper diawmidu of tkebottntFlBvewilkaiMiidattapartiMeolnB. TketSkiM 






aJwgtretbeMJBPflgfcttotataraeiybw— ofamyrftlMafalBdllwinilu i. 




JMe.— Floon riKmld gemenDy ka raekoBed to any 1^ cwta. per Ini anpertdil. 




iadofffiiv diefr own weishL 




SoadBrfdgca ^ * « &0 ewts. « 




RaOwaj Bridcea „ .. » lOuO ewta. » „ 




botfornawajrgirdenoraHkirai.bejaDiMfMtipaB. onty half tfaetatalv nmbn 
ihoiddbeued. 




Beta 6 iBAflt dMp. 


B«»8imteta«. 1 




JaJarhwT 


4X1 


5x1 


6x1 


txii 


9Xii 


4X1 


5x1 


6x1 


txii 


9X1* 




Length, iwt. 


Cwta. 


Cwta. 


Cwta. 


Cwta 


Cwta. 


Cwta. 


Cwta. 


Cwta. 


Cwta. 


Gwtk 




ft 


Ill 


166 


200 


333 


39; 


3 


22ft 


966 


444 


5*" 




6 


III 


"39 


166 


«77 


3a6 


i«5 


mx 


370 


«5 




8 


«1 


104 


i»5 


206 


*44 


III 


»39 


166 


*77 


)^ 




10 


66 


83 


100 


166 


"95 


•9 


111 


«33 


aaa 


260 




19 


SS 


69 


t3 


138 


i6i 


55 


9» 


III 


185 


217 




14 
16 


47 
4« 


59 
5* 


-& 


119 
104 


UP 
122 


g 


g 


:s 


163 




18 


J7 


46 


55 


9» 


106 


49 


62 


74 


"J 


144 




Beta 10 iBAflt dMp. 


Beta 12 iBAflt dMf. 




DfaanrioMOf 












1 










boMoaFtaar 


5X1 


6x1 


8xii 


9x14 


lOXli 


6x1 


Sxii 


9x14 


lOXli 


II X I* 




iaiacbcs. 
























Length, feet 


CwtB. 


Cwts. 


CwtB. 


CwtB. 


CwtB. 


CwtB. 


Cwta. 


CwtB. 


CwtB. 


Cwta. 




6 


Z3I 


*zz 


^l 


521 


578 


333 


JU 


^ 


094 


t& 




8 


173 


206 


S46 


39* 


434 


250 


469 


5*1 




10 


139 


166 


278 


3]3 


347 


200 


313 


375 


417 


550 




12 


"5 


'39 


2JO 


260 


289 


166 


278 


3" 


347 


456 




U 


li^ 


119 


198 


223 


M8 


109 


2)8 


268 


S? 


393 




16 


104 


172 


«95 


217 


125 


208 


^ 


IS 




18 


77 


r, 


154 173 


»93 


til 


;;!ii 


232 




30 


69 


138 156 


»73 


100 


•187 


209 

- 


275 




Beam 14 inehet deep. 


"-"*^*^ 1 




INflWIltlOM of 
























bottom Flanfe 


8xii 


9x1* 


lOXli 


IIXI| 


izxii 


8xii 


9X1* 


loxii 


IIXll 


I«Xl| 




in inehea. 
























Length, feet. 


Cwts. 


CwtB. 


CwtB. 


CwtB. 


CwtB. 


CwtB. 


CwtB. 


CwtB. 


Cwta. 


Cwta 




8 


486 


547 


607 


802 


875 


555 


625 


694 


916 


1000 




10 


389 


438 


486 


642 


700 


444 


500 


^1^ 


VA 


Soa 




13 


^^ 


365 


40s 


535 


584 


370 


417 


463 


6&r 




14 


V!% 


3t3 


347 


459 


501 


317 


357 


397 


SM 


57* 




16 


143 


274 


304 


401 


437 


278 


313 


347 


458 


500 




18 


216 


Z44 


270 


357 


389 


246 


278 


309 


^ 


444 




SO 


>95 


219 


M3 


3" 


350 


222 


250 178 


366 


400 




3*1 


177 


199 


221 


291 ?i8 1 


202 


227 250 


333 


364 
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CAST IRON BEAMS.— Table as 





TABLE OF SATE LOAD. 






For Beams 18 to ao l&ehes deop. 




Beam 18 isehei daap. 


B««ni.d«.a..p. 1 


DimvBfionf vt 






















bottom Flange 


9X«i 


10 xU 


»XI| 


13x11 


14x11 


lOXll 


ixxil 


14x1* 


15x1* 


i6xi| 


ininehra. 






















Length, feet. 


Cwti. 


Gwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


10 


S6x 


615 


900 


609 


1050 


875 


1050 


IXX5 


131S 


1400 


13 
14 
16 


469 

401 

351 


Si 
390 


750 


875 


S 


875 


lOXI 


1094 


1 167 
1000 

875 


18 


1" 


347 


500 


54A 


583 


486 


583 


681 


^H 


778 


90 


281 


I«» 


450 


487 


5»5 


g 


5»5 


613 


i 


22 


156 


*54 


409 


^ 


477 


477 


557 


596 


24 


*34 


a6i 


375 


406 


437 


437 


510 


547 


Beam 84 inohei deep. | 


DimeniioDi of 






.1 












bottom FlaBge 


loXil 


nxiA 


14x1* 15x1* 


i6xi| 


i6xx 17x11 


17XX 


i8xi| 


iSxx 


ininobot. 


















Length, liset. 


CwtB. 


Cwts. 


Cwti. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


12 


833 


1000 


1166 


1150 


>333 


1778 


1416 


1819 


'^2? 


xooo 


14 


714 


. 8J7 


1000 


1071 


1143 


"5M 


1X14 


1500 


1x86 


I7I4 


16 


6i| 


m 


»75 


W^ 


q6o 


1333 


ic6x 


1365 


IIXJ 


1500 


18 


555 


777 


889 


1 185 


944 


IXIJ 


1000 


1333 


20 


500 


600 


700 


750 


800 


1067 849 


I09X 


900 


laoo 


22 

24 


416 


545 

500 


636 


681 
6*5 


ss 


i 


77* 
708 

§56 


99» 

1^ 


818 

750 


1091 
1000 


26 


384 


461 


577 


615 


69X 


2S 


28 


357 


428 


500 


535 


57« 


607 


780 


643 


30 


333 


400 


467 


500 


534 


711 


566 


7x8 


600 


800 




Beam 27 inohea deep. 




Dimensions of 












^ .1 ^ 








bottom Flange 


ixxil 


14x1* 


14XX 


15x1* 


15XX 


i6xi|l i6xx 


17x11 


17 XX 


xSxx 


ininehet. 












1 








Length, fbet. 


Cwts. 


Cwta. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


14 


964 


"*5 


I coo 


1205 


1607 


1x86 


17 14 


1366 


i8xx 


19x8 


18 


740 


863 


1 166 


937 


1X49 


1000 


1333 


ic6x 


1416 


1500 


22 


^i' 


III 


tit 


707 


lOZX 


818 


1091 


869 


1 159 
io6x 


IXX7 


24 


561 


703 


gj 


750 


1000 


S^ 


11x5 


28 


4»» 


561 


750 


603 


643 


857 


911 


964 


80 


450 


5*5 


700 


56z 


750 


600 


800 


637 


850 


tr^ 


32 


411 


X 


656 


5»7 


70Z 


56X 


750 


598 


797 


84 


397 


618 


496 


661 


530 


Z55 


56X 


750 


794 


36 


375 


r^ 


583 


469 


6x5 


500 


666 


531 


708 
638 


il? 


40 


337 


5*5 


411 


563 


450 600 


478 


Beam 30 inches deep. | 


Dimenuoat of 




1 










1 




'bottom Fluige 


14x1* 


14x2 15x11 


15x1 


i6xi| 


i6xx 


i8xx 


xoxx xxxx 


X4XX 


in inches. 


















Length, fieet. 


Cwta. 


Cirts. Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


Cwts. 


18 
22 


971 
795 


1196 , 1041 
1000 , 851 


1380 
1 130 


iiii 


1481 

IXIX 


1666 
1363 


I85X 

1515 


X038 
1667 


xxxx 

I8I8 


24 


714 


Ifl 


F 


1041 


IIII 


1x50 


1388 


15x6 


1664 


28 


61X 


89Z 


679 


^ 


107 1 


1 190 


1309 


14x8 


30 


571 


761 


615 


833 


1000 


IIII 


1x45 


1358 


32 


536 


715 


586 


780 


6x4 


833 


HI 


1040 


"44 


1x48 


34 


^li 


?l 


551 


734 


589 


783 


979 


1080 


1 178 


36 


486 


648 


5" 


$95 


555 


S8 
606 


8}J 


til 

757 


1019 


IIIO 


40 
44 


4*8 

397 


570 
519 


JS 


6*5 
568 


500 
454 


y; 


017 
833 


1000 

908 
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MARINE SURVEYING.— Table 24 



ANGLES OF THE FOIHTS OF THE COMPASS WITH 

THE MERTDIAlf. 



Variation of magnetic needle 1850, latitade 51* rs 
Dip. 



>• 



n 



** 



North. 


South. 


Points. 


Deg. Min. 


Noffli. 


South. 






Add for i 


2.. 48.. 45 










»» 1 


5.- 37.. 30 










** 4 


8..26. . 15 






N. by W. 


S. by W. 


1 


II.. 15 


N.byE. 


S. by E. 


N.N.W. 


S.S.W. 


2 


az..30 


N.N.E. 


S.SJS. 


N. W. by N. 


S.W. by S. 


3 


33.-45 


N.E. by N. 


S.E. by S. 


N.W. 


S.W. 


4 


45.. 00 


N.E. 


S.E. 


N.W. byW. 


S.W. by W. 

w.s.w. 


5 


56.. 15 


N.E.byE. 

E.N.E. 


S.E. by E. 


W.N.W. 


6 


67. . 30 


E.S.E. 


W. by N. 


W. by S. 


7 


78. . 45 


RbyN. 


E. by S. 


West 


West 


8 


90. .00 


East 


East 



MILES nr A DEGREE OF L ONGITU DE AT EVERT 

DEGREE OF LATTTUDR 



Degs. 




Degt. 




Degs. 




Degs. 




Degs. 




Degs. 


Lat. 


Miles. 


Lat. 


Miles. 


Lat. 


Miles. 


Lat 


MUes. 


Lat. 


MUes. 


lS. 


MUes. 


I 


59.99 


16 


57.67 


31 


51.43 


46 


41.68 


61 


29.09 


76 


14-52 


2 


59.96 


17 


57-38 


32 


50.88 


47 


40.92 


62 


28.17 


77 


13.50 


3 


59-9^ 


18 


57.06 


33 


50.32 


48 


40.15 


63 


27.24 


78 


12.47 


4 


59.85 


19 


56-73 


34 


49.74 


49 


39.36 


64 


26.30 


79 


".45 


5 


59-77 


20 


56.38 


35 


49.15 


50 


38.57 


^S 


25.36 


80 


10.42 


6 


59.67 


21 


56.01 


36 


48.54 


<i 


37.76 


66 


24.40 


81 


9.39 


7 


59.55 


22 


55.63 


37 


47.92 


52 


36.94 


67 


23.44 


82 


8.35 


8 


59. 4* 


23 


SS'^S 


38 


47.28 


53 


36.11 


68 


22.48 


83 


7.31 


9 


59.26 


24 


54.81 


39 


46.63 


54 


35.27 


69 


21.50 


84 


6.27 


10 


59.08 


25 


54.38 


40 


45.96 


55 


34.41 


70 


20.52 


85 


5.^3 


II 


58-89 


26 


53.93 


41 


45.28 


56 


33.55 


71 


19.53 


86 


4.19 


12 


58.68 


27 


53.46 


42 


44-59 


57 


32.68 


72 


18.54 


87 


3.14 


13 


58.46 


28 


5*. 97 


43 


43.88 


58 


31.80 


73 


17.54 


88 


2.09 


14 


58.22 


29 


52.47 


44 


43.16 


59 


30.90 


74 


16.54 


89 


1.05 


15 


57.95 


30 


51.96 


45 


42.43 


60 


30.00 


75 


»5.53 


90 


0.00 



24856 miles 

79»» .. 
200Z1 180 feet 

xo853i8o „ 

60756.6 

1. 15068 to I 

39.01326 ins. 

39.118x0 M 

39.1393 ins. 

39- '555 .. 
3X. 1948 feet 

3Z.2041 ,* 

^hs, 14114$ days 



mean circumference of Earth. 

„ diameter of Earth, 
radius of the Equator, 
polar semi-axis. 

length of Geogr. or nautical mUe. 
ratio of nautical to English mile, 
length of pendulum at the Equator. 

„ at latitude 46. 

length of pendulum at London. 

„ „ Edinburgh, 

force of gravity at London, in teet per second. 

», „ Edinburgh „ 

tropical year. 



I* 
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MARINE SURVEYING.— Table 24 a, b, o. 



Table 24a. 

VELOCITT AHD FEESSUBE OF 

THE WIND. 



Table 24b. 

Forflnding thB Htight 
of Tide at any period 
after mgh Water. 



Feet 


Miles 


^ Min. 


I^Honr. 


88 


I 


35* 


4 


440 


5 


88o 


10 


i3io 


15 


1760 


20 


2640 


30 


3080 


35 


35»o 


40 


3960 


45 


4400 


50 


5180 


60 


7040 


80 


8800 


100 



Force in Ibe. 
on Sq. Foot. 



.005 
.079 J 

0.1233 
0.492 > 
1.107J 
1.970 
4.429) 

6.0273 
7-870) 

9.9603 
12.300 
16.710 
31.490) 
49 . 200 3 



DnoumoK. 



Time from 
High Water. 



Hardlj perceptible. 
Gentle wind and 
breezes. 

Good breeze. 

Brisk gale. 

High winds. 

Very high. 

Storm. 
Great storm. 

Hurricane. 



Hoon. Min. 



o .. 
o .. 
X .. 
X .. 
2 .. 

2 .. 

3 .. 

3 .. 

4 .. 

4 •• 

5 .. 
5 .. 



00 

30 
00 

30 
00 

30 
00 

30 
00 

30 
00 

30 



MoMpUer. 



x.ooo 

.975 
.916 

.841 

.74> 
.625 

.500 

.375 
.258 

.158 

.083 

.025 



TIDES occur twice in erery 24 hoars and 50^ 
minnles. When a place is on the same side of the 
Eqnator as the moon, the Tide which is prodnced, while 
the moon is above the horizon, is greater than while tiie 
moon is under the horizon of tiie place. When a place 
is on the opposite side of the EqniUor to the moon, the 
effect is reversed. In Midsummer, the afternoon Tides 
are higher than the morning Tides. In winter the morn- 
ing Tides are highest. 



iitri«.— Multiply the range 
of Tide for the day by the 
Factor opposite the hour at 
which the height is required. 

Example.— The total rise 
of Tide at Umehouse, on 
the xxth of April, was ao.4 
fbet ; High Water made at 
ip.m: what was the height 
of Tide at 4 p.m. 7 

> 20.4x74^15. 11 liset. 



Table 24 c. 

SHOwnro the length in feet of on e HnruTE 

OF LONGITUDE AND LATITUDE, 

BelnflT One Nantio Mile. 

IMe.— To obtain the number of miles in a degree, at any latitude or longitude, multi« 
ply the tabular numbers by 60, and divide by 5180 ; thus, at the Equator, the length of 
a degree is 69. 15 miles. 



Lati- 


Minute of 


Minute of 


Lati- 


Minute of 


Minute of 


LaU- 


Minute of 


Minute of 


tade. 


Longitude. 


Latitude. 


tude' 
Deg. 


Longitude. 


Latitude. 


tade. 


Longitude. 


Latitude. 


Deg. 


Feet. 


Feet. 


Feet. 


Feet. 


Deg. 


Feet. 


Feet. 





6085.2 


6085.20 


U 


4990.2 


6105.0 


53 


3670.2 
3585.0 


6114.8 


ft 


6081.6 




I^X 




54 




i 


6070.2 




37 




55 


3498-0 




6052.2 




38 


4801.2 




56 


3410.4 




8 


6026.4 




39 


4735.* 




^ 


33".» 




10 


5993.4 




40 


4668.0 




3232.2 




IX 


5953. » 


6087.78 


4X 


4457-4 


6111.6 


61 


3x41.6 


.6130.1 


\i 


4005.8 
5851.2 




4a 
43 




3050.4 
Xf4 




18 


57«9-4 
57" -6 




44 


43«4-» 




62 




20 




11 


4309.8 




$' 


2770.2 




XX 


5645.4 




4»34-» 




64 


2675.8 




li 


5562.0 
547»-6 


6095.21 


1i 


4157-4 
4079-4 
3999-6 


6118.2 


^ 


2578.8 
1482.1 


6135.6 


28 


5377-* 




49 




% 


'JSi:i 




30 


5»74-o 




50 


3919- » 
3837.0 






3* 


5165.4 




JX 




69 


1187.0 




34 


5050.2 




ja 


3754- » 




70 


1087.4 
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MOTJNTAIN BAROMETER.— Tablb 85 



1 

TABU B. 




TABU 


1 


UftnuM of Tiptfitiirt. 


Yor xeduBtiai to ftMriag PdoU. || 


J 










CuiieeUuuaiMrtliaBerometerat 1 


Diff.of 
T«mp. 


OoiTec* 
tlooa. 


DULot 
Temp. 


Oorree- 
tiona. 


TUsp. 




II 










Cent. 










«7Ineiiei. 


SB&idieB. 


SSIndMa. 


Mlncbes. 




Gent. 




Fah. 










d^ps. 


fset. 


degs. 


Ibet 


«<«». 


faMll. 


iiidi. 


indi. 


inch. 


0-5 


Z.46 


10.5 


50.69 


32 


.0086 


.0088 


.0091 


.0094 


I.O 


4.9a 


11. i 53.15 


34 


.0134 


.0138 


.0143 


.0148 


>-5 


7.21 


>>.5 55-44 


36 


.0183 


.0188 


.0194 


.0201 


z.o 


9.5« 


12.0 57.74 


3» 


.0231 


.0238 


.0246 


•0255 


2-5 


11.97 


12.5 . 60.20 


40 


.0279 


.0288 


.0298 


.0309 


3-0 


"4-43 


13.0 62.66 


42 


.0327 


.0338 


.0350 


.0362 


3.5 


16.89 


13.5 65.12 


44 


.0375 


.0388 


.0402 


.0416 


4.0 


"9-35 


14.0 67.58 


46 


.0423 


.0438 


.0454 


.0470 


4-5 


21.81 


14.5 70.04 


48 


.0471 


.0488 


.0506 


0523 


5-0 


24.27 


15.0 72.50 


50 


.0519 


.0538 


.0558 


.0577 


5-5 


26.57 


«5.5 74.80 


52 


.0568 


.0588 


.0609 


.0630 


6.0 


28.87 


16.0 77.10 


54 


.0616 


.0638 


.0661 


.0684 


6.5 


3»-33 


16.5 79.56 


56 


.0664 


.0688 


.0713 


.0738 


7.0 


33-79 


17.0 82.02 


58 


.0712 


.0738 


.0765 


.0791 


7.5 


36.25 


17.5 84.48 


60 


.0760 


.0788 


.0817 


.0845 


8.0 


38.71 


18.0 86.94 


62 


.0809 


.0838 


.0868 


.0898 


8.5 


41.00 


18.5 89.40 


64 


.0857 


.0888 


.0920 


.0951 


9.0 


43.30 


19.0 91.86 


66 


.0906 


.0938 


.0971 


.1005 


9.5 


45.76 


>9.5 94.32 


68 


.0954 


.0988 


.1023 


.1058 


10.0 


48.22 


20.0 96.78 


70 

72 
74 


.1000 

.1049 
.1097 


.1037 

.I087 
.1137 


.1075 

.1126 
.1178 


.1112 

.1165 
.1218 


Table A ean be applied to any Xm- 
rometer, dednctinff the niimber for 
tlie tempenttnre from the obeenra- 


ttons for heights. 

TaUa B gives the amonnt to be 
deduettd tnm the height, according 


76 
78 


.1146 
.1194 


.1187 
.1237 


.1229 
.1281 


.1272 
.13*5 


to the difliBrence of the attached 


80 


.124! 


.1286 


.1332 


.1378 


ttiermometers— or to be added, if the 


82 


.1289 


.1336 


.1384 


.1432 


upper station should be warmer than 
the lower. For correction doe to ex- 


84 


.1338 


.1386 


.1435 


.'485 


pansion of ahr, ftc. see ** Roles." 


86 


.1385 


.1435 


.1486 


.1538 


Table C gives the amount to be 


88 


.1433 


.1485 


.1538 


.1591 


added for gravity & centrifugal force. 


90 


.1482 


.1535 


.1589 .1644 




TAB1 


:s c. 




Gravity 1 
uomEB 


ind d 
cnoMs 


mtriAig^ foree. 

TO BS ABOSD. 




LatLtade. 


tolO*' 


15° 


20'' 


25" 


SO* 36* 


40* 


45* 


«0* 


86" 


Approz. height. 




















feet. 


feet. 


foet 


feet 


feet. 


feet. 1 fieet. 


fieet. 


feet 


lieet 


feet. 


600 


3-9 


3.3 


i-i 


3.3 


X.6 2.6 


1.9 


1.9 


1.9 


1.3 


1300 


7.9 


7.2 


6.S 


6.5 


5.9 5-6 


4.6 


3.9 


3 3 


2,6 


2000 


II. 1 


10.5 


9.8 


9.2 


8.5 7.9 


6'S 


5.9 


5.2 


3.9 


2600 


"4.7 


14.1 


14.0 


12.4 


II. 5 10.2 


6.1 


7.8 


6-5 


5-5 


3300 


20.1 


17.5 


17.3 


15-7 


14. I 12.4 


II. I 


10. 1 


8.5 


7.2 


400c 


22.9 


20.9 


19.7 


19.0 


16.7 15. I 


13-7 


II. 8 


10. 1 


8.5 


4600 


26.9 


24.9 


23-3 


22.0 


20.0 17.7 


15-7 


U'7 


II. 8 


9.8 


5300 


30.2 


28.9 


26.9 


24.9 


22.9 20.3 


18.3 


15.7 


14.0 


11. 1 


5900 


34.1 


32.1 


30.8 


38.2 


26.2 22.9 


20.6 


17.7 


15. 1 


12.4 


6600 


37.7 


36.1 34-i| 


3'. 5 


28.9 25.7 22. 9I 


19.7 


17.3 13.7 || 
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CIKCLES.— Table 2S 

ABEA AND CIBCUHFEIIEHCE 07 CIRCLES. 
OUmcten.l to A*. 

r Hfwrt Raal <^ anr Jim iiiiiiiii af a 



bum. 


Ar«L |ctr^..,„. 


Dtam. 


Ai™. 


Clrvjoru 


IH^ a™. 
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J-IJ 
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7. 

B.7S 
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I" 
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a" 
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4.19 
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CIRCLES.— TABiESe 
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1" 
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s 
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1 £;■ 
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31 
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AXD ROOTS.— Table 27 



BmAXBB, CUBEB, flOIFASS BOOTS, CUBE B0OI8, 
JIFIH P0WEB8 ABB BICmgUUL 



1 to so. 



9mm. 

I . 

2 

3 ' 

4 

t : 

l\ 

II I 



Cvtak H >')')<•- ^«^ '^'>''*' 



FJkh 



12 

«3 

«4 
i< 

17 
18 

20 

21 
22 

»3 
^5 

26 

i7 
24 

29 

30 

3» 
3^ 
33 
34 
35 
36 
37 
3« 

4« 
4» 
43 
44 
45 
4*5 
47 
4« 

(^ 



I 

4 

9 
t^ 

2f 

3^ 

49 

^4 
81 

100 

121 

»44 
i^ 

22< 

*5^ 
289 

3*4 
3/S1 

400 

44» 
4»4 
5»9 

57^^ 
625 
676 
729 

784 
841 

900 

961 

1024 
1089 

115^^ 
1225 

1296 

I3<^9 
1444 
1^21 

1600 

1681 

17*54 
1849 

"936 
2025 
2116 
2209 
1304 
2401 

2600 



I 

8 

*7 
^4 

I2« 
216 

343 
512 

1000 

»3i« 

1728 

2197 

*744 

3375 
4096 

49«3 
(832 

6859 

8000 

9261 

10648 
12167 
13824 

15^25 
17576 
19683 

2195* 

14389 

27000 

29791 
32768 

35937 
39304 

4*875 
46656 

50^53 
5487* 
593 «9 

64000 

68921 

740>J8 

79507 
85184 

9>i*5 

97336 
103823 
110592 
117649 

126000 



I.COC 

1.414 



1,000 

1.260 



I.7J2 


1.442 


2.00c 


1.587 


2.236 


, I. 710 


1-449 


I 1.817 


2.645 


1.^13 


2.828 


2.0C0 


3.00c 


1 2.c8o 


a.i62 


2J54 


3.316 


2.223 


3 464 


2.289 


3.605 


1.351 


3-74» 


2.410 


3 '873 


2.466 


4. ceo 


2.520 


4«*3 


2.571 


4-141 


2.62a 


4-359 


2.66S 


4.472 


2.714 


4-5^1 


1.759 


4.690 


2.802 


4 796 


1.844 


4.899 


2.884 


5.000 


1.914 


5 099 


2.962 


5.196 


3.000 


5i9> 


3.036 


5-385 


3.071 


5.477 


3107 


5567 


3.141 


5-657 


3 -'75 


5-744 


3-107 


5-831 


3 139 


5-916 


3.171 


6.000 


3.302 


6.082 


3-331 


6.164 


3.361 


6.145 


3-391 


6.324 


3.420 


6.403 


3.448 


6.480 


3-476 


6.557 


3-503 


6.633 


3-530 


6.708 


3-557 


6.782 


3-583 


6.855 


3.609 


6.928 


3-634 


7.000 


3.6';9 


7.071 


3.684 



31 
143 

1024 

3115 
7776 

16807 

31768 

59049 



ri I I I I 



16105X 

248832 
371293 
I 537824 

759375 
104B576 

1419857 
1889568 
2476099 

3200000 

40841 01 

5153631 

7962624 

9765615 
11881376 

14348907 
17210368 

2051x149 

24300000 

2862915 I 

33554431 

39135393 

45435414 

. 51511875 
60466176 

69343957 
79235168 

90224199 

102400000 

I I 5856201 

130691232 
147008443 
164916224 
184528125 
205962976 
229345007 
154803968 

282475149 
312500000 



.100000000 

.^00000000 

-333333333 
.250000000 

.200oax>oo 

.166666667 

.142857143 
.125000000 

.iiiiiiiii 

100000000 

.090909091 

•083333333 
.076923077 
.071418571 
.066666667 

.C62500000 

.058823529 

» ^ ^ ^ •l' «^ •• 

.Offi6:i«79 

.050000000 

.047619048 

.045454545 
.043478261 

.041666667 

.040000000 

.038461538 

.037037037 
.035714186 

.034482759 



l«s^S^^^^S 



.032258065 
.031250000 
.030303030 
.029411765 

.028571419 
.027777778 
.027027027 
.026315789 
025641026 

.025000000 

.024390244 
.023809524 
.023255814 

.022717173 
.022222222 
.021739130 
.021276600 
.020833333 
.020408163 

.020000000 



POWERS AND ROOTS.— TiBi.«a7 



SQUARES, CUEES, SailABE 


EOOTS, CUBE K00T8, | 


FIFTH POWZES AND EECIPROCAI.S. 1; 
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54 
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55 
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56 
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55073 ' 7 J6 
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S7 
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■85193 
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58 
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.017141379 


59 
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.016949153 


80 
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7-746 


3-91S 
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.016393443 
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3.958 
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63 


J969 
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64 


4096 
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.015615000 


6s 
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.0.5384615 


66 


4356 


18749S 
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67 


4489 
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8.18s 
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1350115107 
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68 


4614 
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8.246 


4.0S1 


■453933568 


.0.470588= 


69 
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1934917631 


.0138BBBB9 


7J 
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74 


5476 
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8.601 
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4.117 
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£776 


438976 




4.13S 


1535515376 


-0.3.57895 
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8.775 


4. = 54 


1706784157 
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47455* 
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4.191 
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80 
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87 
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88 


7744 
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.0.1363636 


89 
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BO 
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753571 


9-539 


4.498 
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8464 




9-59' 


4-5'4 


6590815131 


.010869565 




864,9 


804357 


9-643 


4-530 


6956883693 


.0107516B8 


94 


88i6 


830=:84 


9.69s 


4-547 


733904=1=4 


.010638198 


95 


9<"5 


857375 


9.746 


4-563 


7737809375 


.010516316 


96 


9216 


884736 


9-798 




8153716976 


.010416667 


97 




9ii«73 


9.849 




8587340157 


.01030917B 


98 


9604 


94" 91 


9-899 




9059107968 


.010204081 


lio'd 


9801 

10000 


iS'0'0 


9-950 
10000 


4 641 


looooSooooo 


.010000000 











54 



POWERS AND ROOTS.— Tabm 27a 



SaUABES, sauA 


RE BOOTS, 


AND CUBE BOOTS. 


Prom 101 to a< 


Natn. 

101 


Squares. 


Square Roots 


Cube Roots. 


Nam. 


Squares. 


SqnareRoots Cube Roots 1 


10201 


10.050 


4-657 


151 


22801 


12.288 


S'S^S 


lOZ 


10404 


10.099 


4.672 


152 


23104 


12.329 


5.337 


103 


10609 


10.149 


4.687 


153 


23409 


12.369 


5.348 


104 


10816 


10.198 


4.702 


"54 


23716 


12.409 


5.360 


105 


11025 


10.247 


4.717 


155 


24025 


12.450 


5.371 


106 


I1236 


10.295 


4.732 


156 


24336 


12.490 


5.383 


107 


11449 


10.344 


4-747 


157 


24649 


12.530 


5.394 


108 


1 1 664 


10.392 


4.762 


158 


24964 


12.570 


5.406 


109 


I1881 


10.440 


4-777 


"59 


25281 


12.609 


5.417 


uo 


12100 


10.488 


4.791 


160 


25600 


12.649 


5.429 


III 


12321 


10.535 


4.806 


161 


25921 


12.688 


5.440 


112 


12544 


10.583 


4.820 


162 


26244 


12.728 


5.451 


"3 


12769 


10.630 


4.834 


163 


26569 


12.767 


5.462 


114 


12996 


10.677 


4.849 


164 


26896 


12.806 


5.474 


«i5 


>32a5 


10.724 


4.863 


165 


27225 


12.845 


5.485 


116 


13456 


10.770 


4-877 


166 


27556 


12.884 


5.496 


117 


13689 


10.816 


4.891 


167 


27889 


12.923 


5-507 


118 


I39H 


10.863 


4.905 


168 


28224 


12.961 


5-518 


119 


14161 


10.909 


4.918 


169 


28561 


13.000 


5.528 


120 


14400 


10.954 


4.932 


170 


28900 


13.038 


5.539 


IZI 


14641 


11.000 


4.946 


171 


29241 


13.076 


5-550 


IZ2 


14884 


11.045 


4.959 


172 


29584 


"3.115 


5-56" 


1^3 


>5«»9 


11.090 


4.973 


173 


29929 


13-153 


5-572 


124 


15376 


ii'^iS 


4.986 


174 


30276 


13.191 


5-583 


1^5 


15625 


11.180 


5.000 


175 


30625 


13.229 


5-593 


126 


15876 


11.225 


5.013 


176 


30976 


13.266 


5.604 


127 


16129 


11.269 


5.026 


177 


31329 


13.304 


5.614 


128 


16384 


n.313 


5-039 


178 


31684 


13.341 


5.625 


129 


16641 


H.358 


5-052 


179 


32041 


13-379 


5.636 


130 


16900 


11.402 


5.065 


180 


32.400 


13.416 


5.646 


»3» 


17161 


11.445 


5.078 


181 


32761 


13.453 


5.656 


U» 


17424 


11.489 


5.091 


182 


33124 


13.490 


5.667 


133 


17689 


11.532 


5.104 


183 


33489 


13.527 


5-677 


134 


17956 


11. 576 


5.117 


184 


33856 


13.564 


5.688 


t35 


18225 


11.619 


5.130 


185 


34225 


13.601 


5.698 


136 


18496 


11.662 


5.142 


186 


34596 


13.638 


5.708 


»37 


18769 


11.704 


5-«55 


187 


34969 


13.675 


5.718 


i3« 


19044 


11.747 


5.167 


188 


35344 


13.711 


5.728 


»39 


19321 


11. 790 


5.180 


189 


35721 


13.747 


5-739 


140 


19600 


11.832 


5.192 


190 


36.100 


13.784 


5.749 


141 


19881 


11.874 


5.204 


191 


36481 


13 820 


5.759 


142 


20164 


11.916 


5.217 


192 


36864 


13.856 


5.769 


143 


20449 


11.958 


5-229 


193 


37249 


13.892 


5-779 


144 


20736 


12.000 


5-241 


194 


37636 


13.928 


5.789 


H5 


21025 


12.041 


5.2<3 


195 


38025 


13.964 


5.799 


146 


21316 


12.083 


5-265 


196 


38416 


14.000 


5.809 


147 


21609 


1 2 . 1 24 


5.277 


197 


38809 


14 035 


5.818 


148 


21904 


12.165 


5.289 


198 


39204 


14.071 


5-828 


149 


22201 


I 2 . 206 


5.301 


199 


39601 
40000 


14.107 


5.8;8 


150 


22500 


12.247 


5.313 


200 


14.142 


5.848 





POWERS AND ROOTS.— Table 27a 




SaUATtl^H, 8QUAEE KOOTS, ASH CUBE BOOTS. 






Prom SOI to 300. 






n™ 


SqiLlrOj. 


S9.~z.L.», 


Cul«li«« 


Sum 


Sqo««. 


8,^oH., 


Cube !l»u. 


lOl 


40+01 


14.177 


5-BS8 


»5' 


63001 


■5.8+3 


6.30S 




4DS0+ 




i.S67 


^5' 


63504 


■5-874 


6.316 


103 


41109 


.+.J+8 


5.877 


'53 


64009 


15,906 


'>-i^S 


io4 


41616 


.+.J83 


5.887 


'■S4- 


64516 


'5-937 


6-333 




4i"S 


■+.J.8 


5.896 


i." 


6 CO! 5 


■5-969 


6.341 


io6 


4Hi« 


'4-353 




156 


65(36 


16.000 


6-349 


107 


41^49 


14.387 


S-9'5 


=57 


66049 


16.031 




J 08 


43i''4 


'4-4J* 


5-S'5 




66E6+ 


16,061 




i09 


4jf.8. 


14.456 


m 




67081 


16.093 




210 


44100 


14.491 


360 


67600 


16.124 


6.382 




44."' 


■ + .5i6 


5-9fi 


l6i 


68111 




6.390 




44»+4 


14,560 


6.961 




68644 


i6!i86 


6-399 


ITi 


45369 


'+■59+ 


5-97' 


i6j 


69169 




6,407 




457!*S 


1+.619 


5.9S> 


16+ 




■5.1+8 


6.415 


>'5 


4^"5 


1+.661 




165 




'6,179 


6-4>3 


ai6 


4S6Sfi 


'4.697 


6.D00 


166 


70156 


16,309 


6.43. 


117 


47089 


'4.73' 


6.009 


167 


7 '189 


16.340 


6.439 


118 


47 5 H 


■4-765 


6.01K 


168 


71814 


16.371 


6.4+7 


Z19 


47951 


■4.798 




169 


71J61 




6-455 


220 


48400 


14.832 


6,037 


3J? 


72900 


6.463 




488+. 


14.866 


6.045 




73+41 




6.471 




49=6+ 


14-899 


6.055 




7398+ 


16,491 


6,479 


»i3 


497>!» 


14.933 


6,064 




745 '9 


16,511 


6,487 




£01 7S 


14.966 


6,073 


174 


75076 


16,551 


6,495 




5061s 


15.000 




175 


75615 


16.583 


6-503 


li6 
117 


51076 


rs 


6. 091 


176 
>77 


76.76 
76719 


16.6.3 
16.64] 


6^518 


nS 


J. 984 


15.099 


6.109 


178 


7718+ 


.6.678 


6,(16 


119 


5''44' 


•i-133 






77S+1 


'6,703 


6-534 


230 


62900 


15J66 


6.126 


380 


78400 


16.733 


6.642 


>3' 


i33Si 


15. '98 






78961 


.6.763 




iji 


538^4 


■5-'3' 


6,14+ 




795H 


16.793 


6,557 


133 


54289 


1S.:'64 


6.. 53 


'»i 


80089 


16.811 


6.565 


■»34 
135 


54756 
S5"S 


15.197 
15.330 


6. .61 
6,171 


184 
185 


80656 


nil 


6,573 
^.581 


.36 


55696 


15.361 


6-179 




81796 


.6.9" 


6.(88 


i37 


56169 


'5-395 




1S7 


81369 


16.941 


6.596 


138 


566H 


'5-4^7 


6.197 


z8)j 


81944 


16.970 


^,604 


«1 


sfeoo 


15.481 


6.214 


=89 

390 


84100 


17,000 

1,7029 


6,619 


141 


5808. 


15 5»4 


6.11J 




S+68[ 




6,617 


Z+1 


fS5*+ 


'5-556 


6.131 




85264 


I?:o88 


6-63+ 


■»« 


590+9 


15.588 


6.140 




85849 




6,641 


I++ 


59536 


15.610 


6.149 


i'/4 


B6436 


■7-'+6 


6.649 


34i 




■5.651 


6,157 


'95 


87015 


17-175 


6.657 


I4'5 


6^t6 
61009 


\i:^. 


6.174 


196 
297 


87616 
88109 


.7.104 


6.66+ 
6.671 


1+8 


fiiw+ 


'5-7+8 


6,183 


.98 


88804 




6.679 


249 


61001 


.5 --BO 


6.1V1 




89401 


i;.i9' 




250 


62500 


16.811 


6,299 


300 


90000 


17320 


6.694 





POWEttS AND ROOTS 


—Table 27b 




saUAKES, SaUASE BOOTS, AHD C0BE BOOTS. 


From 301 to 400. 






num. 


Sqiun.. 


»,u.»&«^ 


C»b<R».. 


Num. Sqnim. 




c,.i«r™. 


JOl 


9060. 


'7-349 


6.701 


35' 


113101 


'8.755 


7-054 


301 


9110+ 


17.378 


6.709 


35» 


' 13904 


18.761 


7.060 


JOJ 


a.w, 




6.716 


iSi 


114609 


.8.788 


7.067 


304 


9'4'« 


'7-435 


6.714 


354 


1I53^6 


.8.8.5 


;-074 


J05 


93015 


■7.464 


6.73" 


JSS 


116015 


18.841 


7.080 


JO« 


93636 


'7-493 


6.738 


356 


.16736 


18.86B 


7.0S7 


30J 


94H9 


17.5" 


6.7+6 


357 


117449 


.8.894 


7.094 


30B 


9486+ 


17.550 


6.753 


358 


118.6+ 


■8.911 


7. .00 


s'iS 


95481 


17.578 




359 




.8.947 


7.107 


96100 


17.607 


6.ra6 


310 


129600 


18.973 


7,114 


i" 


9'-7il 


■7-6J5 


6.775 


361 


.30311 








97344 


17.663 


6,781 


361 


131044 


'.I'-t^e 


7.117 


31J 


97969 


17.692 


6.789 


363 


■3^769 


19.051 


7.153 


J'+ 


98596 


17.710 


6.797 


364 


'3H96 


.9.078 


7.140 


3'5 


99115 


■7-748 


6.804 


365 




19.105 


7.146 


J16 


99856 


i7-7?6 


6.8n 


366 


■33956 


19.131 


7-153 


3>7 


100+89 


1-.804 


fi.8i8 


367 




19.157 


7- '59 


3'8 




>7.8]i 


6.815 


368 


■3S4>4 


,9.183 


7-. 66 




102400 

103041 


n.888 


6-847 


37' 


.36161 
136900 

'37641 


19'.S 

19.161 


7.179 

7.185 


3" 

3'3 


,0358+ 


|J;^*t 


t:li'. 


371 
373 


'38384 
139119 


19.313 


7:198 


3H 


J04976 




6.868 


374 


■39876 


19.339 


7.105 




105615 




6.875 


3JS 


'40615 


■9-365 


7.1.1 


3»* 


106176 


.8.055 


6.881 


376 


■4'376 


19-391 




3iT 


106919 


18.083 


6.889 


377 


142119 


19.416 


7.114 


318 




18.111 


6.896 


378 


141884 




7.130 


i^ 




18.1J8 


6.903 


379 


14364' 


19. +68 


7-137 


108900 


18.166 


6.910 


3sa 


144400 


19.493 


7.243 


33' 


109561 


Isl" 


6.917 


381 


■45161 


'9-5>9 


7-1+9 


33» 


iiojH 




6.914 


381 


'45914 


19-545 


7.156 


333 


110S89 


W.zls 


6-93' 


383 


.+6689 


.9.570 




334 






6.938 


3B4 


■+7+S6 


19.596 




335 


Wilis .8.303 


6.9+5 


3B5 


■48115 




7.175 


33« 


1U896 


■8.330 


6.95i 


386 


148996 


19-649 


;.i8: 


337 


■■35^9 


18-357 


6 . 9.'^9 


387 


1+9769 




7.187 


3J8 


1 14144 


.8.385 


6.966 


388 


■5°544 


!^:698 


7.193 


339 


114911 


.8.4.1 


6-971 


3B9 


151311 


19.713 


7-IO0 


310 


116600 


18.439 


6.979 


390 


153100 


19.74^ 


7.306 


34-1 




■8,466 


6,986 




.5188. 




7.J11 




116964 18,493 


6.993 


391 


.53664 


19.799 


7-3'8 


343 


M7649 






393 


15+449 


19.814 


7-315 


344 


.18336 


.8.i+7 




394 


155136 


19.849 


7-33' 


345 


11901s 


■8.5?4 


7-°i3 


395 


.56015 


19.874 


7.337 ! 


346 


119716 


.8.601 




396 


.568,6 


19.900 


7.343 


'*! 


110+09 


18.618 




397 


.57609 


19-915 


7.349 


348 


111104 


lB.6q5 




398 


1 58+0+ 


19.950 


7-356 


549 




1S.68. 


7.040 


399 




")-975 

20.000 


7.361 


360 122600 1 1S.708 


7. 


400 


160000 


7.36B 





POWERS AND ROOTS.— TABLB27a 




SQUABES, SQVABE ROOTS, AHD CUBE ROOTS. 


Pram 4.01 to soo 




Nam. 


Sqn.™. lajamreRMI. 


Oi.l«R«l.. 


N«a,. 


Sqo.rM. 


^n^^ 


C.^J^. 


401 


160-01 io,oi5 


7.374 


45" 


103401 


ii.i;6 


7.669 




l6l'iC4 


lO.OJO 


7-380 




104.104 




7.674 






10.075 


7.3B6 


453 


105109 


1..134 


7.680 


404 


i6jil6 




7-391 


45-t. 




11 307 


7.686 


405 


i«40»5 




7.398 






11-331 


7,69. 


V>b 


164816 


10.149 


7-405 


456 


10793s 


11-354 


7.697 


407 


i':5649 


10.174 






10B849 




7.701 


408 




10.199 






109764 


11-401 


7.708 


409 




10.114 


7.41J 


459 


110681 


11 .414 


7.719 


410 


168100 


20.248 


7.429 


460 


211600 


21.447 


7.719 


4" 


16S911 


10.173 


7.435 


461 






7.715 




165,744 


10.198 




461 


213444 




7-730 


+'3 


170569 


lO.Jll 




46J 


11+369 


11.517 


7.736 




171396 


10.347 


7.453 


464 


115196 


11.540 


7-741 




17J115 


W.37' 


7.4S9 


465 


1.6115 


11.564 


7-747 


416 


173056 


K.-396 


!.465 


466 




11.587 


7. 753 


+1; 


17JS89 


10.410 


7.471 


467 


118089 




7-75B 


418 


174714 


10.445 


7.477 


468 


119014 


1..63J 


7-764 


419 


'7^5«' 


10.469 


7-483 


f 


119961 


11.656 


7.769 


420 


176400 


20.4M 


7.4B9 


220900 


21.679 


7.775 








7-495 




H184. 


1..701 


7.7»o 




178084 


10.541 


7.501 




111784 


11.715 


7.786 




178919 


10.567 




473 


1137=9 


11.748 


7. 79' 


4H 


179776 


10.591 




474 


114676 






4^5 




10.615 


7.518 


475 


11561s 




7^801 


4.6 


.S1476 


10.640 




476 


11657S 




7-808 




i8ijJ9 


10.664 




477 


117519 


.1.B40 


7-8.3 


411* 


1BJ184 
184041 

IS4900 


10.6S8 


7.536 


478 


118484 


21.B63 


7.819 


430 


20.736 


7.i^ 


ISO 


233^0 


21.909 


4)' 


185761 


io.7«o 


7.553 


48. 


131361 


i'-9;i 


7-835 


4ii 


ie46!4 


10.784 


7.5=9 


+81 


131314 


11.954 


7-S40 


4ii 


187489 


10.808 


7..<65 


485 


133189 


11.977 


7-846 


+3+ 


iadjj6 


10.831 




484 


134156 




7-85' 




iBdii5 


lolso 


7-577 


485 


135115 


11.013 






190^96 




7.583 


486 


ijSlyS 




7.861 




i.,09e9 


10.904 


7.568 


487 


137169 


11.058 


7-867 


438 


191844 


10.918 


7.594 


4B8 


138144 


11-091 


7-873 


439 


191721 


10.951 


7.600 


489 


1.19111 


11.111 


7.878 


440 


193800 


20.976 


7.606 


190 


240100 


22.1B6 


7.884 




194481 




7.611 


491 






7.8S9 1 








7.617 


49 1 


1+10 ''4 




7.894 ' 




196149 


11.04; 


7. (ill 


493 


143049 








i9?i36 




7.6J9 


494 


144036 




7.905 ■ 


445 


lyBOIS 


11.09J 


7-S34 


49i 


145015 


11-148 


7.9'D 


446 


19S916 


11. 119 


7.640 


496 


146016 




7.916 




199B09 




7.646 


49? 


J47009 


11-19.1 


79" 


448 




=i!i66 




49" 


14S004 


11.316 


1.916 


44y 


ici6oi 


11.1S9 


7. ^57 






11.318 


7.931 


450 


202300 21.213 


7.633 


500 250000 1 22.360 


7.937 



POWERS AND BOOTS.— Taiil«27« 



SaVABES, SaUAItE BOOTS, ASS CUBE BOOTS. 




From ftOl to eOO 




N.O.. 


saa™. 




CDbi RduU. 


Num. 


SqWC 


SqairoRooU 


CU*.B0.U. 


50' 


iSrooi 


".383 


7.941 


55' 


303601 


13-473 


8,198 


501 


151004 


=1-405 


7-947 


561 


304704 


13-494 


8.103 


503 


i5iOC9 




7-953 


553 


305809 


11.516 




i°i 


.54^6 


31. +50 


7-958 


554 


306916 


13.537 


8. 1.3 


5°S 


'550'S 




7.963 




308015 


13.558 


8.118 


io6 


156036 




7.968 




,09136 


13.579 




50? 


1.70+9 


11.516 


7-974 


557 


310149 


13.601 


8.11S 


508 


153064 


11 -5 39 


7-979 


55a 


311364 


13.611 


8-13J 


S09 


i59°8i 


11. 5', 1 


7.984 


559 


3.1481 


13.643 


8-1J7 


Sio 


360100 


82.683 


7.989 


660 


313600 


23.664 


8.242 


i" 




11.605 


7.995 


J6l 


314711 


13-685 


8.147 


S" 


^61144 


-.2,6X1 




561 


315844 


13.706 




5'3 


163169 


11.649 


8-005 


562 


3.6969 




8:15; 


SH 


1 64' 96 


11.67. 




564 


3.8096 


13-748 


8-161 


S'5 


1651^5 


11-693 


sio. 5 


565 


3 ■9115 


13-770 


8.167 


516 


166156 


1I.JI5 




566 


310356 




8.171 


S'7 


l6^ii■, 


11.737 


8^016 


567 


311489 


13.81J 


8-177 


5'8 


16S314 


"■759 


B.031 


568 


311614 


13-833 


8.181 


5'9 


^■936l 


11. TBI 


8,036 


569 


31376. 


2l8« 


8.186 


620 


270400 


22.M)3 


8.041 


570 


324900 


8.291 


5 = ' 


1714" 




g.046 


571 


316041 


13.895 


8.19S 


i" 


:i7HB4 


iiis+'v 


8.051 


571 


317184 


13,916 




S»3 


1735^9 


"ilst 


8-057 


i73 


318319 




B.306 


S>4 


-1745?* 






5?4 


319476 


13.958 




5»5 


175*^5 




s]oS7 


575 


330615 


13-979 


8.315 


5'6 






8.071 


576 


33'7?6 


14-OaO 


8-310 


5" 


177719 


".956 


8,077 


577 


331919 


14.011 


8.315 


5^8 


17B784 


".978 




S78 


334084 


14.041 


8-330 


519 


179841 


IJ.OOO 


8-087 


579 


3. '514' 




8.315 


MO 


280000 


23.022 


S.092 


680 


336400 


m!083 


8.339 


53' 


13196. 


13-043 


S-098 


rgi 


35756' 


14.104 




531 


183014 


ii -06 J 


8.103 


581 


338714 




8-349 


533 


184089 


13.087 


8. 108 


583 


339889 


14-145 


8-354 


JJ4 


1S5.56 


3J.I08 




584 


341056 


14.166 




535 




33.130 


8-. .8 


585 


341115 


14.187 




536 


i87»9S 


13,15. 


8. .=3 




34339* 


14-107 


8.368 


537 


18S369 


13. "73 




587 


3+4569 




8-373 


5J8 


i894H 


13.195 


a'lis 




345744 


14-149 


8.378 


539 


190511 


13-116 




^ 


346911 


14.169 


8.381 


MO 


291600 


33.238 


8.143 


348100 


24.290 


8.387 


S+' 


19168. 


13-159 


8.148 


59' 


349181 


14.3'0 


8-391 


5+= 


J93764 


13. jS. 


8-'53 


591 


350464 


14-331 


8.396 


5+3 


194849 


13-301 


8.158 


593 


351 '49 


14.35' 


8.401 


i++ 


195936 


13-314 


8.16, 


594 


351836 


14.371 


8. 406 


545 


-970*5 


13.345 


8.168 




354015 


14.391 




5+S 


198. ]6 


13.366 


8-. 73 


596 


355116 


H-413 


8 415 


547 


199109 


13.388 


8.178 


557 


356409 






54,8 


300304 


13.409 


B-.gj 


59S 


357604 


J4-454 


8-415 




301401 


13-431 


8..SS 


599 


358801 


14 -474 


K-419 


660 


302600 


23.452 


8,193 


800 


360000 


24.406 


8.434 



5d 



POWERS AND ROOTS.— Table 27a 



< 


SaTTARES, BQJSl 


IRE BOOTS, 


AND CUBE BOOTS. 
00 


Pron 001 to 7 


Num. 


Squares. 


SqnareRoots 


Cube Roots. 


Num. 


Squares. 


Square Roots 


Cube Roots. 


60 1 


36 1 201 


24-515 


8.439 


651 


423801 


25.515 


8.667 


602 


362404 


H.535 


8.443 


652 


425104 


25.534 


8.671 


603 


363609 


H-556 


8.448 


653 


426409 


25.554 


8.675 


604 


364816 


24.576 


8.453 


654 


427716 


25-573 


8.680 


605 


366025 


24.597 


8-457 


655 


429025 


25.593 


8.684 


606 


367^36 


24.617 


8.462 


656 


430336 


25.612 


8.689 


607 


368449 


24.637 


8.467 


657 


431639 


25.632 


8.693 


608 


369664 


24.657 


8.471 


658 


432964 


25.651 


8.69S 


609 


370881 


24.678 


8.476 


659 


434281 


2i;.67i 


8 . 702 


610 


372100 


24.698 


8.481 


660 


435600 


25^690 


8.706 


fii 


37332i 


24.718 


8.485 


661 


436921 


25.720 


8.711 


612 


374544 


24-738 


8.490 


662 


438244 


25.729 


8.715 


613 


375769 


24.759 


8.495 


663 


439569 


25 • 749 


8.720 


614 


376996 


24.779 


8.499 


664 


440896 


25.768 


8.724 


615 


378x25 


24-799 


8.504 


665 


442225 


25.787 


8.728 


616 


379456 


24.819 


8 508 


666 


443556 


25.807 


8.733 


617 


380689 


24.839 


8.513 


667 


444899 


25.826 


8.737 


618 


381924 


24.859 


8.518 


668 


446224 


25.845 


8.741 


619 


383161 


24.880 


8.522 


669 


447561 


25.865 


8.746 


620 


384400 


24.900 


8.527 


870 


448900 


25.884 


8.750 


621 


38564' 


24.920 


8.531 


671 


450241 


25.903 


8.754 


622 


386884 


24.940 


8.536 


672 


451584 


25.923 


8.759 


623 


388129 


24.960 


8.541 


673 


452929 


25.942 


8.763 


624 


389376 


24.980 


8.545 


674 


454276 


25.961 


8.768 


625 


390625 


25.000 


8.550 


675 


455625 


25.981 


8.772 


626 


391876 


25.020 


8.554 


676 


456976 


26.000 


8.776 


627 


393»29 


25.040 


8.559 


677 


458329 


26.019 


8.781 


628 


394384 


25.060 


8.563 


678 


459684 


26.038 


8.785 


629 


395641 


25.080 


8.568 


679 


46 1 041 


26.o<;7 


8.789 


630 


396900 


25.100 


8.572 


680 


462400 


26.077 


8.793 


631 


398161 


25.120 


8.577 


681 


463761 


26.006 


8 . 798 


632 


399424 


25.140 


8.581 


682 


465124 


26.115 


8.802 


655 


400689 


25.159 


8.586 


683 


466489 


26.134 


8.806 


634 


401956 


25.179 


8.591 


684 


467856 


26.153 


8. 811 


635 


403225 


25.199 


8.595 


685 


469225 


26.172 


8.815 


656 


404496 


25.219 


8.600 


686 


470596 


26.191 


8.819 


637 


405769 


25.239 


8.604 


687 


471969 


26.210 


8.824 


638 


407044 


25.258 


8.609 


688 


473344 


26.230 


8.828 


639 


408321 


25.278 


8.613 


689 


474721 


26.249 


88.32 


640 


409600 


25.298 


8.618 


690 


476100 


26.268 


8.836 


641 


41088 1 


25.318 


8.622 


691 


477481 


26.287 


8.841 


642 


412164 


25 358 


8.627 


692 


478864 


26.306 


8.845 


643 


413449 


25.357 


8.631 


693 


480249 


26.325 


8.849 


644 


414736 


25.377 


8.635 


694 


481636 


26.344 


8.853 


645 


416125 


25.397 


8.640 


695 


483025 


26.363 


8.858 


646 


417316 


25.416 


8.644 


696 


484416 


26.382 


8.862 


647 


418609 


25.436 


8.649 


697 


485809 


26.401 


8.866 


648 


419904 


25.456 


8.653 


698 


487204 


26.419 


8.870 


649 


421201 


25.475 


8.658 


699 


488601 


26.438 


8.875 


660 


422503 


25.495 


8.662 


700 


490.000 


26.457 


8.879 



60 



POWERS AND ROOTS.— Table 87a 



SaUABES, SaUABE BOOTS, AND CUBE BOOTS. 



From 701 to 800. 



Nam. 



701 
70a 
703 
704 
705 
706 
707 
708 
709 

710 

711 
712 

713 

714 

715 
716 

717 
718 

719 
720 

721 

722 

723 

724 

725 
726 

727 
728 
729 

730 

731 
732 

733 
734 
735 
736 
737 
738 
739 

740 

741 

742 

743 

744 

745 
746 

747 
748 
749 

750 



Sqaares. 



49 140 I 
492804 
494209 
495616 
497025 
498436 
499849 
501264 
50:681 

504100 

505521 

506944 
508369 
509796 

511225 
512656 

514089 

5*5524 
516961 

518400 

519841 

521284 
522729 
524*76 
525625 
527076 

528529 
529984 

53»44> 

532900 

534361 

5358*24 
537289 

538756 
540225 
541696 
543169 

544644 
^^461 21 

547600 

549801 
550564 

55-049 

555025 
5565*6 
558009 

559504 
56 100 I 

562500 



Square Rootii 



26.476 
26.495 
26.514 

26.552 
26.570 
26.589 
26.608 
26.627 

26.646 

26.664 

26.683 
26.702 
26.721 

26.739 
26.758 

26.777 

26.795 
26.814 

26.833 

26.851 

26.870 
26.888 
26.907 
26.926 
26.944 
26.963 
26.981 
27.000 

27.018 

27.037 

27.055 
27.074 
27.092 
27. Ill 
27.129 
27.148 
27.166 
27.184 
27.203 

27 121 
27.239 
27.258 
27.276 

27.294 
27.3*3 
27.33* 
27.349 
27.368 

27.386 



Cabe Sootsi Nam. 



] 



8.883 


75 > 


8.887 


752 


8.891 


753 


8.896 


754 


8.900 


755 


8.904 


756 


8.908 


75^ 


8.913 


758 


8.917 


759 


8.921 


760 


8.925 


761 


8.929 


762 


8-933 


763 


8.938 


764 


8.942 


765 


8.946 


766 


8.950 


767 


8-954 


768 


8.958 


769 


8.963 


770 


8.967 


771 


8.971 


772 


8^975 


773 


8.979 


774 


8.983 


775 


8.987 


776 


8.992 


777 


8.996 


778 


9.000 


779 


9.004 


780 


9.008 


781 


9.012 


782 


9.016 


783 


9.020 


784 


9.024 


785 


9.029 


786 


9-033 


787 


9.037 


788 


9.041 


789 


9.045 


790 


9.049 


79* 


9-053 


792 


9.057 


793 


9.061 


7>4 


9.065 


795 


9.069 


796 


9-073 


797 


9.077 


798 


9.081 


799 


9.085 


800 



Sqoaies. 



564001 

565504 
567000 

568516 

570025 

57*536 

573049 

574564 
576081 

577600 

579*21 
580644 
582169 
583696 
585225 

586756 
588289 
589824 
591361 

592900 

594441 

595984 
597529 
599076 

600625 
602176 
603729 
605284 
606841 

608400 

609961 

611524 
613089 
614656 
616225 
617796 
619369 
620944 
622^21 

624100 

625681 

627624 
628849 
630436 
632025 
633616 

635209 
636804 

638401 
640000 



Square Boots 



27.404 
27.422 
27.441 

27.459 
27.477 
27.495 
27.5*3 
27.532 
27.550 

27.568 

27.586 
27.604 
27.622 
27.640 
27.^58 
27.677 

27.695 

27.7*3 

27.731 

27.749 

27.767 

27.785 
27.803 
27.821 

27.839 
27.857 

27.875 
27.892 
27.910 

27.928 

27.946 

27.964 
27.982 
28.000 
28.018 

28.035 
28.053 
28.071 
28.089 

28.107 

28 . 1 25 

28.142 
28.160 
28.178 
28.196 
28.213 
28.231 

28.247 
28.266 

28.284 



Cube Boots. 



9.089 

9-093 
9.098 

9.102 

9.106 

9. no 

9.114 
9. 118 
9.122 

9126 

9.130 

9-»34 
9.138 

9.142 

9.146 

9.150 

9.154 
9.158 

9.161 

9.165 

9.169 

9.173 
9.177 

9.181 

9.185 
9.189 

9-193 
9.197 

9.201 

9.205 

9 209 

213 
,217 

221 

225 
,229 



232 



9 

9 

9 

9 

9 

9 
9.236 

9.240 

9.244 

9.248 

9.^52 
9.256 

9.260 
9.264 
9.267 
9.271 

9-275 
9.279 

9.283 





POWERS AND ROOTS 


.— Tablb 27a 




SaUAKKS 


SaUAHE ROOTS, AHD CfDBE ROOTS. 




From 801 to gOO 




N..O,. 


Sun.™. 


SqmreRool. 


CabtRoot. 


NlM,- 


s,t^™.. 


S^njinBooB 


CuNllbH^. 


goi 


6+1 601 


1S.301 


9.287 


8£' 


724201 


19 171 


9. +76 


8oi 


643104 


18.319 


9.191 


851 




19.189 


9. 480 


803 


644-09 


18.337 


9 -'95 


853 


717609 


19.105 


9.484 


80+ 


6+6+1 6 


".J 5.'; 


9.198 


854 


719316 


19.223 


9.4X7 


B05 


6+8025 


18.371 


9.J02 






73'Oi5 


19.240 


9.49" 




e+9'.36 


18.390 


9.506 






732736 


»9.J57 


9+95 


S07 


6;, 2+9 


28.408 


9.310 


8 




734449 


29.274, 


9.498 


808 


6t2afi+ 


18.415 


9.314 


8 




7361^4 


29.191 


9-501 


809 


654+8' 


'8-443 


9.U8 






73 J 88. 


19 . 309 


9,5c'. 


810 


666100 


2"'b0 


9.321 


860 


739600 


29.326 


9.609 




657711 


18.478 


9-3'5 


851 


7413" 




9-513 


811 


^^93** 


28-495 


9-319 




7+30H 


29-^60 


9-517 


813 


66o9«9 


28.513 


9.3.!3 


863 


7++;69 


19-377 


9.511 


814 


662596 




9 -337 


86+ 


7+6496 


J9-39+ 


9-;i+ 


B15 


66411? 


;8.<48 


9.341 


865 


7*^"$ 


19.411 


9.528 




^658 56 


28.566 


9'344 


866 


7+9956 


19.418 


9.53* 


817 


667+89 


28.J83 


9.348 


867 


75. 589 


19.445 


9.535 




669..+ 


28. 600 


9-3," 


B6B 


75J+'+ 


19.461 


9-53S 


819 


6;o;6i 


i8.6ig 


9-3.S6 


B69 




19.479 


9 ■ 543 


820 


672400 


28.636 


9.360 


870 


76d90O 


29.496 


9.646 




6740+1 


18.653 


9.364 






,586+, 


J9-5>J 






575684 


18.670 








7^038+ 


19.529 




Sij 


677329 


28. 688 


9.37' 




3 


762129 


29.546 


9-?57 


824 


618976 


18.705 


9.375 


8 


+ 


763B76 


19-563 


9-561 




68061 ■; 


18.713 


9.379 


8 


5 


765625 


29.580 


9.5';+ 


s'li 


681176 


1S.740 


9.. 38' 




6 


J67376 


29-59? 


9.568 


817 

8:8 


^83919 
<iS558+ 


:::;■;; 


9.386 


g 


8 


7^.91 19 
77088+ 


iM^t 


9.572 
9-575 


829 


6871+1 


1^.791 


9-39+ 






7726+1 


29, 5+8 


9 -=79 


630 


688900 


28.810 


9.398 


980 


774400 


29.665 


9.683 


S.ti 


59056, 




9 4<^' 




77616. 


19.68, 


9.586 




692124 


lS:8+4 


9.405 


3Si 


777914 


29.698 


9-59° 


833 


695889 


18-861 


9.409 


88j 


779689 


=9-715 


9-59+ 


834 


S95S56 


18.879 


9-413 


884 


78,456 


19-731 


9.597 


835 


697"= 


J8.896 


9,416 


885 


783115 


19.749 




1 Bi6 


698896 


2B.91.; 


9,410 


886 


78+996 


19.766 


9:60+ 


1 837 


700569 


28.931 


9,414 


837 


7S6769 


29.782 


9.608 


838 


701144 


28.9+8 


9.418 




788544 


29,799 


9.512 


839 


JOJSI" 


28.965 






■ 7903" 




i^ 


fliO 


705600 


28.983 


9.-;S5 


390 


792100 


29.833 


84. 


70711S1 




9-4,i9 


89. 


793881 , 19. 8+9 


9,611 


8+2 


708964 




9-445 


891 


79566+1 ig.866 


9,616 


8+3 


710649 


29.03+ 


,.446 


893 


7974+9 


19.883 


9.630 


844 


711336 


19.051 




59+ 


799236 


29.900 


9-6.33 


84^ 


714°»S 


19.069 




89s 


sT,T,6 


29,9'6 


9-637 


8+5 


715716 




9.+5« 


896 






9.640 


8+7 






9.+t. 


B97 


80+609 






8+8 


7i9rc>4 




9-+^f 


8.;- 


806+0+ 




y^M 


849 




19.137 


9 -l'9 


899 


80^101 ; ;g.yBi 




850 


732500 


29.15S 


9,472 


900 810000 30.000 


9M5 





POWERS AND ROOTS— Table 27». 




SaVASES, saUAAE K00T8, AMlt CUBE BOOTS. I. 




From «01 to l.OOO. 


1 


S«n. 


S^n^ 




CobeRow 


Sm^. 


BqDUO. 




c-^! 


901 


811801 


30.017 


9.658 


95' 


904401 


30,838 


9.834 t 


', 9°^ 


s.3ec+ 


30.033 


9.661 


951 


906J04 


30.854 


9.837 


9°i 


815409 


JO 05f. 


9.666 


9S3 


908109 


30,870 


9.*4i 


, 904 


Si;iiG 


30.066 


9.669 


954 


9101 16 


30-887 


9.S44 


905 


819015 




9.671 


955 




30-903 


9-847 


[9°6 


810836 




9.676 


956 


S13936 




9.851 


I507 


8„6« 


30 ■■* 


9.6B0 


9S7 


915849 


30.935 


9.854 


SoS 


8i++^4 


30.133 


9.683 


958 


917764 


i0.95> 


9.858 


909 




&1& 


9.687 


*/'9 


91968. 


30 96S 


9.86, 


910 


828100 


9.690 


960 


921600 


30.984 


9.865 






30.183 


9.694 


961 


91351 ' 


ji,ooo 


9.868 


911 


Kj'74+ 


10. 199 


9,697 


961 


915444 


31.Q16 


4.871 


9'3 


833569 


30.116 


9.701 


963 


9»7369 


31.031 


*.875 


9't 


835396 


30.131 


9.J05 


964 


919196 


31.04S 


9-878 


^'5 


83J"5 


30.149 


9-708 


965 


93'iiS 


31.064 


9.881 


9[6 


839056 


3D.J6( 


9 7li 


966 


933156 


31.080 


5.885 


9'7 


B+068J 


jo.iai 


7.715 


967 


935089 


3.. 096 


9.889 


918 


841714 


30.198 


9.719 


96S 


937014 


31.111 


9.891 


9IS 


8445*' 


3°-3>5 


9-7" 


969 


938961 


3. .119 


9.89s 


920 


846400 


30.331 


9.726 


970 


940900 


31.146 


9.899 


911 


S4814' 


30.348 


9.719 


971 


941841 


31,161 


9,901 


911 




30-364 


9.733 




944784 


31. '77 


9.906 


91J 


851919 


30-38' 


9.;,6 


973 


946719 


31.193 


9.909 


914 


851776 


30-397 


9.740 




9+S676 


31.109 


9.911 


1 9^5 


855615 


30.414 


9-743 


975 


950615 


ji.iiS 


9.916 


916 


fl574;6 


30.430 


9-747 


976 


951576 




9-919 




859319 


30.446 




977 


9.='45i9 


31.157 




91S 


861.34 


30-463 


9.754 


978 


95648+ 


31.173 


9^916 


919 


86504, 


30.479 


9-757 


979 


958441 


31.189 


9.919 


930 


S64900 


30.496 


9.761 


980 


960400 


31.305 


9.933 


331 


866761 


30-S'i 


9,764 


981 


96136, 


31.311 


9 936 


V}i 


B686I4 


30,518 


9.768 


981 


964314 


31.337 


9.939 


933 


870+89 


30-545 


9.771 


983 


9661B9 


31.353 


9.943 


934 




30.561 


9-775 


98+ 


96S156 


31.369 


9.946 


1135 


874115 


30-578 


9-778 


985 


970115 


31.385 


9.950 ; 


93(1 


876091 


30 594 


9 -781 


^86 


971196 






93? 


877969 


30,610 


9.785 


987 


9J4169 


31-416 


9-956 ! 


938 


B79844 


30.617 


9.789 


^88 


976144 


31-4J1 


9-960 


9iy 


88171. 


30-643 


9.791 


!/89 


97B111 


31.448 


9-963 


940 


B83600 


30.669 


9.796 


990 


980100 


3L464 


9.966 , 




88548 [ 


ia-676 


s-799 


591 


98108. 


31.4S0 


9.970 


94= 


887364 


30-691 


9,803 


991 


984064 


31-496 


9.973 


9+3 


B89149 


30.708 




993 


9^6049 


31.511 


9.976 


V44 


89U36 


30,714, 




994 


9B80J6 


31.518 


9.9B0 


H45 


893015 


30.74' 


^'Vd 




99001J 


31.543 


9.983 1 


94S 


894916 


30.7S7 




996 


991016 


31.559 


9.986 


947 


B968C9 


30-773 


S'sio 






3' -575 




94« 




30.78;' 


9-813 


993 1 996004 


3' -59' 




949 




30.806 




999 1 998001 


31,607 


9-996 


950 1902500 


30.822 


9.830 


1000.1000000 


31.623 


10.000 





POWERS AND ROOTS.— Table Kk 




1 SftTTABES, 8QTIAHE ROOTS, AST) CUBE BOOTS. 


F 


Tom 1,001 to 1,100. 1 


In™. 


a,«»L 


^«»]i«i> 


Cslxttwtt 


Kns 


BqnuH. 




Civhtlta*. 


1 lOOI 


100010 1 


31.638 


10.003 


105 


..04601 


31 4.9 


10. ,67 




1004004 


31.654 


10.006 


1051 


I.067C4 


3= 434 








31.670 




'"5] 




33.45° 


10.173 1 


IO0+ 


iooSoi« 


J. .686 




1054 


11.0516 


33.465 


10.. 76 1 


lOOC 


loioois 


31.701 




1055 


..13015 


31.48. 


io.i8» 


•oo« 


<o.ioj6 


31.717 




1056 


" 15.56 


J1.496 


.O..83 


loo; 


io<4D49 


J'-7J3 


10.013 


1057 


i";i49 


J»-5'> 


10 186 I 


.ooe 


10.6064 


3'-749 




1058 


1. 19364 


3»-5'T 


.0..90 


'§, 


101E081 

1020100 


sLrio 


laies 


i? 


m3900 


11.543 
32.IU« 


io.i^! 






31.796 


10.036 




1115711 


31-573 


.0..99 , 




'££'» 


J1.811 






1117844 


31.588 




1015 




3.. 818 




.063 


1119969 


31.60J 




1014 


\lUUs 


)..S43 


.0.046 


'064 


1131096 


33.6.9 




1015 


I030iif 


31.859 


10.050 


.065 


1134^15 


31.634 




IOI« 


1031156 


J'-875 


10.053 


1066 


..36356 






1017 


103418? 


3> 890 


.0.056 


.067 


113B489 


31 ! 665 


loli.S 


1018 


10363=4 


31.906 


.0.059 


1068 


1140614 


31.680 






■036361 


31.911 


10.063 


.C69 


.14176. 


31.696 


10.11? 


ml 


1040400 


3t937 


10.066 


L070 


1144900 


33.711 


10.22d 




104=441 


31-953 


.0.069 


107. 


1.4704. 


33.736 






1044484 


31.969 


ID. 073 




..49184 


33-74' 




lOlJ 


.046519 


31.984 


.0.076 


1073 


..51319 


33.757 


10.13T ■ 


1014 


104S576 


31. coo 


.0.079 




"53476 


33.J71 


10.340 


lOlJ 


J05061S 


ji.0.6 


10.081 


'075 


"55615 


33.787 




• o>6 


1051676 


i^"}' 


.0-086 


.076 


1.57776 


33.801 


10.147 


lOlJ 


1054719 


31-047 


tO.089 


1077 










.0567B4 


31.061 


10.091 


.o;8 


1 1 61^ 




10.153 1 


1019 


i=5«84< 


31-078 


.0.096 


.075 


.164^. 


33.848 




103C 


1060900 


33.094 


10.099 


[OBO 


1166400 


32.863 


las^ 


1031 


.061,61 


J1..09 




1081 


1.68561 


31.879 


10.163 ' 


lOJl 


1065014 


J1.115 






1 170714 


31.894 




"03J 


.067089 


31.140 




.083 


.171889 


31.909 


10:169 , 


1034 


.069156 


,1.156 




.084 


1.75056 


31.914 




'035 


107 1115 


)i-i7i 






1 177115 


31-939 


10.176 ■ 


103« 


1073196 


J1..87 


lo.i.a 


io8« 


.179396 


33.954 




1037 


1075369 






.OS; 


1.8.569 


31.970 




loiS 


1077444 


31.1.8 


.0.115 


1088 


..83744 


33.985 




IMQ 


I'^ieoo 


s.m 


10.131 


Lwauraiao 


Mim 


10.291 


1041 


10B368. 


31. .64 


10,134 


1091 .190181 




.0.195 


1041 


1085764 


31.180 


.0.138 


1091 


..91464 


33.°4S 


10.198 , 


10+3 


1087849 


J»->95 




1093 


..94649 


33.061 


10.301 ; 


1044 


1089936 


31.311 


.0 '44 


1094 


..96836 


33.076 


10.304 i 


"Hf 


1091015 


3..316 


.0..48 


1095 


1199015 


3309' 


10.307 ! 


.o*« 


I094T16 


31.341 


.0.5. 


.096 


I1011I6 




.0.310 


1047 


1096105 


3i-3i7 


10 '54 


1091 


.103409 




■o 313 ■ 


T04S 


.098304 


3»-173 




109S .10560+ 


33.I36 








31.38B 


10.160 


1099. .107S0. 


33. .0 


10.310 ' 


1050 


uoswo 


Am 


10164 


1100(1210000 


03.166 


10.333 , 



I^OGABITHMS OF NUMBERS. 


-100 to 1000— Table28 


Uo. 100, Log. 2000000 to No. 249, 


Log. 2.396199 || 


No. 


L*«. 


tliff. 


«.. 


T-oe. 


«.. 


«0. 


l^- 


Dili. 


~T^ 


000000 




HO 


176091 


189 
1S7 


lOO 


30.030 






0043 J 1 


43* 
418 




'78977 




3'^3'96 






008600 




181844 




30535' 




lOJ 


oii8j7 


414 


'53 


.84«9' 


'& 


103 


307496 




10+ 


O'7oi3 


*|j 


'54 


.875- 


10+ 


J09630 


i'3 


■°5 


011189 






190J31 


178 


105 


31 '75+ 






OI5J06 


408 




193115 


106 


3'3867 






019384 




195900 


176 
174 
271 


107 


3'597° 




loS 


0334H 


400 
397 


158 


■98657 


loB 


318063 




109 


0374»'i 


'59 


101397 


109 


3101+6 


107 


:i; 


041393 
0453' 3 
0491 1 8 
053078 


393 
3S3 


iCo 

161 

163 


1041 10 

106816 
1095'5 


1?' 
169 
167 
166 


1'3 


311119 

314181 
316336 
318380 


"=5 
10+ 


114 


056905 


164 


11+844 


164 


114, 


3304'+ 


101 


"S 


060698 


3?6 


165 


117484 


161 


i'5 


331438 




116 


064458 




J10108 






33445+ 






068786 


373 


167 


IJ1716 


159 
158 
156 




336460 




"9 


°;5i+7 


j?o 
363 


168 
169 


^15309 
1178B7 


1I9 


338456 
340++4 


.99 
.98 


111 


079181 
081785 
086360 


360 

3S7 
3SS 
35' 
349 


171 


130449 
131996 
135518 


»55 
153 
151 
15° 
149 


111 


341413 
344391 
3+6353 


.97 
.96 


114 


0B9905 
093411 


173 


138046 
140549 


"3 
114 


348305 
350148 


'95 

'94 
'93 


115 


096910 


346 
343 
341 
338 
335 


177 


I43°38 
1455' 3 
147973 


1+8 
1+6 


117 


351.83 
354108 
356016 


'9i 

.91 


Ilg 


io7iio 
1 10590 


178 


150410 
151853 


143 

I4i 


119 


357935 
359835 


! 


130 


"3943 




■3o 


15s "3 


1+1 


130 


361718 




'JI 


117171 






157*79 


13' 


3636.1 


IS8 


'Jl 


■10574 


33a 




160071 


138 


131 


365488 


'33 


iijSii 


315 
3*3 


'83 


161451 


133 


367356 


■ 86 
'85 


'34 


117105 


.8; 


164818 


13s 


134 


369116 


MS 


■3=334 






167171 


»34 




37'o68 


.84 




'33539 




186 


1695 '3 




3719'! 




13671. 




[87 


ijiB+i 


131 
130 
119 


137 


374748 


133 


139879 




188 


17+158 


13a 


376577 


!gi 


139 


'430'i 


111 


[89 


176461 


139 


378398 


i8> 


140 






190 


17875+ 




140 


380111 




1+1 


'49119 


309 


191 


181033 






3810.7 




141 


15118a 


307 


191 


18330. 


126 




3838.5 


.79 

.78 
■ 78 


>+3 


'5533* 


305 
303 


'95 


1B555; 




143 


385606 


>++ 


.58361 


194 


187801 


"3 


144 


387390 


'+5 


161368 






190035 




145 


389.66 




146 


164353 


196 
19s 




191156 




146 


39=935 


17S 
176 
175 
■74 




167317 


'97 


194466 




147 


391697 


148 




198 


196661; 




148 


39+451 




1731S6 


*9' 


'99 


198S53 


118 


149 


396199 




d«im 


1.-, >ht 


,d«l>™.i. 


«,i™, 


»lEun 


■rfjfc.^M-l«, tWl«. 


«»b^ 


Vtu.)..™ 


Mllllr ■ 















LOGARITHMS OF NUMBERS 


—100 to 1000— Table as 




No. 250 


Log. 


2.379940 to No. 399 


Log. 


2.600973 1 


Mo. 


L=g. 


D.«. 


N.. 


Leg. 


Mff. 


Ho. 


Log. 


!>!«. 


ISO 


J97940 




300 


477111 


145 
144 
'++ 
'+3 
'43 


350 


544068 


'1+ 
■ 1+ 


^5' 


39967+ 






478566 


351 


5+5307 


^5* 






301 


4B0007 


351 


5+65+3 


^53 






303 


+8. ++3 


353 


5+7775 




^54 


40+834 


171 


30+ 


+81B7+ 


35+ 


549003 


,,3 


»SS 


4065+0 


169 
167 


3DJ 


+8+300 


141 
141 


355 


5S0118 


HI 


1S6 


408540 


306 


4857' ■ 


356 


"'1^^ 




»57 




307 


487138 


357 


551668 




i;S 


+ll5lD 


308 


4S8551 


141 


358 


553883 




159 


+■33™ 


309 


489953 


359 


55509+ 


111 


160 


41+971 




3TQ 


491361 


1+0 


360 


556303 




161 


+>664. 


166 

.6J 
165 
164 


311 


491760 


361 


557507 




i6i 


+18301 


311 


494' SS 


'39 
'19 


361 


558709 




■•63 


419956 


3'3 


+9554+ 


363 


559907 




16+ 


+11604 


314 


+96930 


13B 


36+ 


S61101 


119 


165 


41314^ 


ijl 


3'S 


498311 


'38 
'37 


365 








414881 




499687 


366 


563481 




167 


+16511 




501095 


367 


564666 


MS 


16S 


+i8lj5 






501+17 


136 


368 


565848 


118 


I6s 


4»97J» 


161 


319 


50379' 


369 


567016 




J70 


+3'3S+ 




310 


505' 5° 


■3« 


370 


J68101 






+31969 




5>i 


506503 


37' 


56937+ 






43+S«9 


'59 


3" 


507856 


'35 


371 


5705+3 




'73 


+3S"fi3 


3»3 


509103 


373 


5,1709 




174 


+37?i' 


31+ 


510545 


13+ 


37+ 


571871 


116 




+39333 


■58 




5'. 88} 




375 


57+031 


116 




440909 




513118 


'33 


376 


575188 




177 


441480 


157 
15s 
15s 


3J7 


51+548 


377 


576341 




178 


++40+5 




515874 




378 


577+91 




179 


445604 


i>9 


S'7196 


131 


379 


578639 


J 14 


:8o 


447158 


530 






380 


579784 






4+8706 


11 < 


5.9818 




38' 


580915 




isi 


+501+9 


'5+ 


331 


51 "38 




381 


581063 




183 


+51786 


'5+ 


333 


5''+++ 




383 


583199 




184 


4;33'8 


'53 
'53 


334 


S'3746 


'30 


38+ 


S84331 


"3 


iBj 


+5+8+5 






S150+5 


119 

119 


385 


585461 




186 


+56366 


'S' 


336 


516339 


386 


586587 






+5788. 




337 


517630 


387 


587711 




188 


+59391 




338 


518917 


388 


58S831 




189 


+60898 


1^0 


339 




Ii3 


389 


589950 


111 


'5, 
J91 


+61398 
463893 
465383 


1+0 
'+9 


3+0 
J+' 

3+1 


S3'+79 
53175+ 
5)+oi6 


ii8 


390 
391 

391 


591065 
591177 
593,86 


v,\ 


193 


466868 


ij! 


3+1 


535194 




393 


59+393 




194 


46S3+7 




536558 


116 


39+ 


595496 


no 


10 5 


4698" 


345 


537819 




395 


596597 




!96 




1+7 

1+6 
1+6 
.46 
'+5 


3+6 


539076 




396 


597695 






+7-756 


3+7 


540319 






598791 


109 
109 


298 


474116 


148 


5+'579 




3S8 


599883 




475671 


3+9 


5+i8i« 


.1+ 


399 


600973 



LOGARITHMS OF KUMBERS 


—100 


to 1000— Table 28 




No. 400 


Log. 


2.602060 to PJc 


.549, 


Log. 


2.739572 j 


Ko. 


w. 


Dia. 


Mo. 


Log. 


BU.. 


N. 


lug. 




+00 


601060 




450 


6531'J 


96 
96 

It 


500 


698970 


87 1 
87 


401 


603144 




45' 


654-77 




699838 


+0J 


604116 




+5' 


65.S138 


501 


700704 




40.1 


*05)Oi 




453 


656098 


503 


70,568 




404 


606381 


10? 


454 


65705* 


504 


70143- 


86 


♦05 


6°7455 




455 


65801. 


9S 

95 
95 
95 
95 


505 


70319' 




♦oS 




107 


456 


6(8965 


506 


70+151 






609594 


457 


659916 


507 


70'!oo8 




%l 


6io66o 




458 


660865 


50« 


705B6+ 






6"713 


106 


459 


661813 


509 


706718 


85 


410 


«I»J84 




♦60 


661758 




5'° 


707570 






«.384i 




+6. 


66J70I 




5" 


708+11 




*'» 


6 "4897 


■OS 
'05 
105 


461 


66464, 


9+ 




709170 


8^ 


4IJ 


6<i55o 


463 




5'3 






4'-f 




464 


666518 


94 


5'4 


710963 


85 

84 


*15 


6.8048 


105 
104 
.04 


4S5 


667453 




5'5 


7>i8o7 


l^ 


41 4 


6.9093 


+66 


6683B6 




S16 


7.1650 


417 


610.36 


467 


669317 




517 


7'349' 






61.. 76 


468 


670Hfi 




SlB 


7'+330 




419 


6111.4 


104 


+«9 


67"73 


91 


519 


715'67 


84 


41D 


613149 


103 
103 


+70 


671098 




510 


7160OJ 




4^' 


614181 




673011 




5" 


7,6838 


b] 


41 » 


6iS3'i 




673941 




S" 


717671 




+1J 






473 


674S6. 




5^3 


7'8soi 




4»4 


tltlfs 


101 


474 


675778 


91 


514 


719331 


li 


415 


618389 




+75 


676694 




5»5 


710159 




416 


619410 




476 


677607 




516 






4i7 


630413 




477 


6785,8 






711811 




41S 


63.444 




478 


67941B 






71163+ 




419 


631457 


lOI 


479 


680336 


91 


519 


713454 


81 


4iO 


6334*8 




+Bo 


68ct,i 




Sio 


714^76 




431 


«34477 




+81 


68„4S 




53' 


715=95 




43 » 


S3 5484 




481 


683047 




531 


715911 




4J3 


636488 




4S3 


683947 




533 


7167*7 






637490 


loo 


48+ 


68+845 


90 


534 


717S+' 


81 


4,iS 


638489 




+85 


685741 


1 

89 


535 


71835+ 




436 


639486 


99 
99 


+86 


686636 


536 


719165 




437 


64048. 


487 


687519 


537 


719974 




438 


641474 


488 


688410 


538 


730781 




435 


(,41465 


99 


489 


689309 


539 


731589 


8i 


440 


643+53 


;s 


490 


690.96 


89 


54° 


731394 






644439 


491 


691081 


£4' 


733'97 




44-' 


6+54" 


98 
98 


491 


691965 




5+1 


733999 




443 


6+6404 


493 


6918+7 


88 


543 


73+8 00 




444 


6+7383 


98 


49+ 


693717 


88 


5+4 


735599 


80 


445 


648360 




495 


694605 




545 


736397 




446 


6+9335 




496 


6954S1 


87 


5+6 


737193 




447 


650308 






696356 


5+7 


7379^7 




448 






498 


697119 


S7 
87 


5+8 


7J878. 


79 
79 


449 


6511+6 


97 


499 


69810. 


549 


739571 



LOGARITHMS OF NUMBERS. 


—too to 1000— Table 88 




No. 550, Log. 2.740363 to Nc 


.699, 


Log- 


2.8444'77 || 


Ho. 


Log. 


DLff. 


No. 


Log. 


wr 


So. 


Log. 


D.*. 


55° 


7403 * 3 




6i>o 


778'5" 




650 


811913 


67 


55' 






601 


778874 




651 


8.3581 




55> 


74'939 


79 


fioi 


779596 




6ei 


8. +1+8 


67 


553 


74>715 




6oj 


-803 '7 




653 


81+913 




554 


7435'° 


78 


604 


78103; 


7i 


654 


8.5578 


66 


555 


744193 




605 


781755 




655 


Si6i+i 


66 


556 


745075 






781473 




656 


816904 


66 


557 


745855 




607 


783.89 




657 


8.7565 


66 


'58 


746S3+ 




608 


783904 




65s 


818116 




559 


7474" 


78 


609 


784617 


;' 


659 


8.8885 


66 


5*0 


7+8.88 




610 


785330 




660 


819544 


66 


56' 


748963 




611 


78604. 




661 






56. 


749736 




611 


786751 




661 


8J085B 




s6j 


750508 




6'3 


787460 




663 




6c 


56+ 


75"79 


77 


614 


7H8.68 


7" 


66+ 


811I68 


4 


565 


751048 




615 


788875 




ii^ 


811811 


% 

65 


j6S 


751816 






78958. 




666 


813474 


567 


753583 




6'7 


790*85 




66j 


814116 


56B 


754348 




618 


790988 




668 


814776 


5fi9 


755" i 


76 


619 


791691 


70 


669 


815+16 


4 


570 


71:5875 




610 


79139* 




670 


816075 


65 


57' 


756636 




6ii 


793091 




67' 


816713 


i 


57^ 


757396 










671 


817369 




7'!8i55 




6J3 


794488 




673 


81S0.5 


64 


574 


7589. > 


76 


614 


795185 


70 


674 


81S660 


575 


759668 




6:5 


795880 


69 
69 
69 
69 
69 


*'l 


819304 


6+ 




760411 




616 


796574 


676 


819947 




577 


761176 




6,7 


797168 


677 


8305S9 


6+ 


I7B 
579 


76.918 
76!679 


75 

75 


619 


797960 
798651 


678 
679 


831130 
8J.870 


64 
64 


580 


763418 




630 


79934' 


69 
69 
69 


680 


83»5'^9 


6+ 
6+ 


58' 


764176 




63' 


800019 


681 


?"'f 


S81 


764913 




631 


800717 


681 


S3 3 784 


I 


583 


765669 




633 


801404 


683 


834411 


58+ 


766413 


74 


6j4 


801089 


684 


835056 


(Bs 


767.56 


74 


6iS 


S01774 




68j 


835691 


61 


586 


767898 


6j6 


803457 


68 


686 


836314 


63 
(■I 


587 


768638 




637 


804139 




687 


l^^^n 


588 


769377 


74 
74 


638 


B04811 


68 


688 


837588 


589 


7701 '5 


639 


8o55qi 


68 


689 


838119 


6j 


590 


77°85' 




640 


806180 


68 


690 


8388+9 




5V' 


J7'S87 




64. 


806858 


68 


691 


839478 










641 


807535 




691 


840106 


63 


593 


773055 


73 


643 


8081.. 


67 


693 


84073 J 


594 


773786 


73 


644 


808886 


67 


69+ 


841359 






774517 




645 


809560 


67 
67 


695 


84<995 




596 


775-46 




646 




696 


841609 




597 


775974 




647 


810904 


67 


^.n 


843133 




598 


776701 




648 


Si 1575 




698 


843855 




599 




7^ 


649 


81 11+5 


67 


699 


844477 


6i 





LOGABTTHMS OF NUMBERS. 


— lOOtolOOO— TabmSS 






No. 700, Log 


2.845098 to No 849 


Log 2,928908 | 




~Z' 


Log. 


D,C 


NO. 


Log. 


DM. 


No. 
80a 


LOf. 


DtC 




700 


8+5098 




750 


875=6. 


903090 








8+57 '8 




751 


875*4" 


1 


Bol 


903633 


54 1 




70» 


8*6337 




751 


876118 


802 


904174 


54 




703 


M95S 




753 


876795 


i 


803 


904716 


54 




704, 


8+7573 




754 


87737. 


80+ 


905156 


54 




70s 


8+8.89 




755 


877947 


57 


B05 


905796 


■ 




706 


848805 




756 


878522 


806 


90633s 


5+ 




707 


S+S4I9 




757 


879096 


k 


807 


90687; 


5+ 




708 


Bjooj] 




758 


879669 


B08 


907411 


54 




J09 


8jo«4S 




759 


880141 


809 


9079+9 


5+ 
5+ 




710 


85 .^.iS 




760 


880814 




g.Q 


908485 






85.870 




761 


881385 


57 
57 




909011 


54 






851480 




762 


esi9c« 




909556 


^ 1 




713 


855090 




763 


882515 


813 


910091 






71+ 


Bsj6s,S 


61 


764 


8830J3 


57 


814 


910614 






715 


853306 




765 


8B3661 






9.1158 




716 


85+913 




766 


884119 


57 
57 

ii 




9.1690 






717 


855519 




767 


88479s 




912211 






718 


8(6114 




768 


8B536, 




911753 






719 


856719 


60 


769 


885916 


B19 


9.3284 






720 


85733^ 




770 


8B649. 


56 


820 


9.3814 








8579J5 






887054 




9 '4343 








858537 






887617 


5*^ 

IS 




914871 






7J3 


859138 






88B179 


S13 


9.J400 








S59739 


60 


77+ 


88B74. 


824 


915917 






7^5 


B60J38 




775 


88930J 


It 

56 
56 
56 


81s 


9.6+54 






716 


B60937 




776 


889862 


816 


916980 






7i7 


86MJ+ 




777 


890421 




9.7506 






718 


862.31 




778 


890980 




918030 






719 


862718 


60 


779 


89'537 


819 


918555 






73a 


863313 




7B0 


891095 


56 
56 
55 
55 


8 30 


91907a 






731 


863917 




78. 


892651 




9.9601 






731 


8645 Tl 




78= 


893107 










733 


86c 104 


59 


783 


893761 


833 


920645 






73+ 


865696 


59 


784 


B94316 


83+ 


921.66 






735 


8661S7 




785 


894B70 


£S 
55 
55 
5S 
SS 


835 


91.686 






736 


866878 




7B6 


895+13 


836 








7J7 


g674';7 




787 


895975 


837 


9"7>5 






7j8 


868056 




;8B 


896516 


838 


9*314+ 






739 


B 686+4 


•' 


7B9 


897077 


839 


913761 






740 


8S9231 




790 


897617 


SS 
55 
55 

55 
55 


840 








7+' 


869818 




791 


898.76 


B+, 


924796 






74' 


B7040+ 


11 
58 
58 


793 


89871s 


841 


9153.1 






7+3 


870989 


793 


899'75 


843 


915S18 






7++ 


87-573 


794 


89982. 


84* 


916341 






7+5 


S71156 




795 


900367 


55 
55 
54 

5+ 


845 


926857 






7+6 


871739 


i 


796 


900913 


8+6 


917370 






7+7 


873311 




901458 


8+7 


917883 






7+a 


873901 


58 


798 


901003 


848 


918396 




1 




8744S1 


799 


901547 


849 


918908 





LOGARITHMS OF NUMBERS 


—100 to 1000— Tablb28 




No. 850, iMg 2.929419 to N^J. 999, T>ig 2.999565 j 


N 


L S- 


Din. 


N. 


Log- 


HI.. 


«., 


Ug. 


46 


8 o 


9 94' 9 




9DD 


954'43 


48 
48 

48 
48 


9<o 


97771+ 


85 




5- 


90 1 
901 


954715 
955-07 


95' 
951 


9781*1 
978637 


46 
4* 
46 


8 J 






903 


955*88 


953 


979093 


854 


9 4f8 


51 


90+ 


955168 


954 


979548 


B 


9 966 




905 


956649 


48 
48 

♦8 
48 
+8 


955 1 980003 


4S 
45 
+5 
45 
45 


8S6 


9 474 




906 


957118 


956 980458 




9 981 




907 


957607 


957 


980911 


S 8 


9 487 




908 


9C80S6 


958 


981366 


B 9 


9 99i 


l\ 


909 


958564 


959 


981819 


86o 
86 
86 


94498 
9 003 


so 


910 


959041 
9595'8 
959995 


48 
+8 
4* 
48 


960 
961 
961 


981171 
981713 
983175 


4S 
45 
45 


8 








960+71 


963 


983616 


8 4 


9 651 + 


50 


914 


960946 


964 


984077 


45 


8 






915 


961+11 




9*5 


984517 




8«6 


9 ^'S 


5" 




961895 




966 


9S497' 


4S 


86 




5° 


9'7 


961369 




967 


985416 


45 


8 8 




50 


9.8 


961843 




96S 


985875 


45 
45 
45 


869 


9 9020 


so 


919 


963316 




969 


986314 


870 


939SI9 




910 


963788 




970 


986771 


4S 
45 

45 


87' 


9400 [ 8 




911 






971 


987119 


87. 


9405 r 6 


5° 




lZfi° 






987666 


87.. 


9+101+ 




9>3 


965"! 






98S..3 


874 


94'5" 


5° 


•)H 


965671 




974 


988559 


45 


875 


941008 




915 


9661+1 




975 


989005 


4S 


876 


941504 




916 


96661. 




976 


989450 


877 






917 


967080 




9-'7 


98989s 




878 


9+3495 




918 


967548 




978 


9903,9 


44 
44 


879 


943989 


49 


919 


968016 




979 


990783 




944483 




930 


968+83 




980 


99'ii6 






944975 






968950 




981 


99.669 


44 


881 


945469 




931 


969416 




98i 




88 J 


9+5961 




933 


969881 




983 


99 '554 


44 
44 


884. 


9+64J> 


49 


934 


970347 


46 


984 


991995 


885 


94* 94 J 




935 


970811 


46 

it 

46 
46 


985 


99343* 


44 

44 

44 


886 
III 


947434 
947914 
948413 


49 
49 


936 
937 
939 


971176 
971740 
971103 


986 
987 
988 


993877 
9943 '7 
994757 


889 


9+B901 


49 


939 


971666 


989 


99S'96 


890 


94939° 




940 


973118 


46 
46 
46 
46 




995*35 


44 


89- 


949878 






973590 




996074 


89J 


9503*5 






974051 




99*511 


44 
44 


i9i 


950851 




943 


9745" 


993 


99*949 


89+ 


951J38 


♦9 


944 


974971 


994 


997386 


895 


95'8ij 


i 

48 
4i__ 


945 


97S4J1 


46 
46 
46 


995 


997813 




896 


95noB 


9+6 


97589' 


996 


998159 


44 

44 

43 


8,7 


951791 


947 


97M;o 


997 


998695 


898 
899 


953176 


948 


976808 
977lfi6 


998 
999 


999'3' 
9995*5 



LOGAEITHMIC SINES AND COSINES— 


Table M " 


1 SINES 0* to 


45° Sff, 




j_w 


ff 


Iff 


20- 


3ff 


40- 


50' 


ftitP. 






7-463716 


■764754 


.940S41 


.065776 


.161681 


89 




.>4iB;5 


8.308794 


.366777 


-417919 


.463665 


.505045 


88 




.54^8-9 


.577566 


.609734 




.667689 


■6939*8 


V. 


J 


.7.S3QO 


.7+1159 


-7645" 


:78l67S 


.805851 


.815130 


86 




■843585 


.861183 


-8781B5 


.894643 


.9.0404 


.915609 


!5 


5 


.S«0i96 


-954499 


-968149 


981573 


■99+«97 


.007044 


84 


6 


.019135 


9.03.089 


.041615 


•053859 


.064806 


.075480 


83 




.0SSB9+ 


.096061 


.105991 


.1.5698 


.115187 


' 34470 


81 


i 


■'43555 


■15145' 


.16.16+ 


.,69,01 


.178071 


. .86180 


Bi 


» 


■'94331 


.1011J4 


.109991 


.1.7609 


.115091 


.131444 


80 




.139670 


.146775 


-153761 


.160633 


•167395 


■174049 


79 




.180599 


.18704* 


-193399 


-199655 


■305819 


.3.1893 


78 




■317879 


■313780 


-319599 


-335337 


.340996 


■346579 




ij 




■3575'+ 


.3618S9 


.36B185 


•3734'+ 


■378577 


76 


■ 4 


■ 383675 


.3887.1 


-393685 


.398600 


-403455 


-408154 


75 


. '5 


.411996 


.417684 


.411318 


.416899 




-+35908 


7+ 


1 i6 


■440338 


.444710 


.++9054 


.+533+1 


•457584 


.46.781 


73 




■465935 


.470046 


.+74115 


.478141 


.481118 


-486075 




ig 


.489981 


•493851 


-497681 


-501476 


■505134 


-508956 




'9 


.S"fi+» 


.516194 


-519911 


■513495 


.517046 


■530565 






■53405* 


■537507 


.54093' 


■544315 


.54T6a9 


■55'o=+ 


69 


1 11 


■5543 '9 


.557606 


.560855 


■564075 


.567169 


■570435 


68 




■573575 


.576689 


.579777 


■5818+0 


■5BS877 


.588890 


67 


>i 


.591878 


.594841 


-597783 


•600700 


■603594 


.606465 




14 


.6o9)ij 


-611140 


-61+9+4 


■6.7717 


.6104S8 


.613119 


55 


15 


.6.5948 


.618647 


-63.316 


-633984 


.636613 


■639141 


64 


16 


.64.841 


■644413 


.646984 


-649517 


■651051 


■654558 


i' 




.657047 


.659517 


,661970 


.664406 




.669115 


6j 




.671609 


■*73977 


.676318 


.678663 


.680981 


.683184 


61 


' 19 


685571 


.687843 


.690098 


.691339 


.694564 


-696775 


60 




.698970 


.70.. 51 


.703317 


.705469 


.707606 


■709730 


59 


31 


-711839 


71393s 


.716017 


■718085 


.71Q140 


.711181 


58 


31 


.714110 


.716115 


.718117 


■730117 


•731.93 


■734'57 


". 


J3 


.736109 


. 738=48 


■739975 


■741889 


•743791 


■7+5683 


56 




. 7+7561 


. 7'W419 


.75' 18+ 


•753 '18 


.754960 


.756781 


55 


JS 


.75859' 


,760390 


■761177 


■763954 


.765710 


-767+75 


5+ 


36 


.769119 


■770951 


.771675 


•774388 


.776090 


■777781 


53 


37 


-779463 


.78.134 


.7S1796 


.78+447 


.786089 


-787710 


51 


38 


.789341 


.790954 


.791557 


.79+150 


■795733 


-797307 


5' 




- 798871 


.800417 


-801973 


•803511 




-806557 


50 


1 40 


-808067 


. 809569 


.811061 


.81154+ 


.814019 


.8. 5+85 


49 


41 


.81694) 


.8.8391 


.819831 


.811165 


.811688 


.814104 


48 






.816910 


.818301 


.8196SJ 


.831058 


■831415 


♦7 


43 


■833783 


■835134 


-836477 


.837811 


.8391+0 


-8+0+59 


46 




.841771 


.843076 


-844371 


.8+5661 


.B46944 


.S+BiiB 


45 


45 


.849+85 


■850745 


.BS'997 


•B531+1 


.854480 


.855711 


H 


fcm- 


etf 


50' 


40" 


~~30~ 


20' 


Iff 


Di«». 


COSINES 44° 


0' io 90 


", for flach 10 mi 


utes. [1 



LOGAEITHMIC SINES AND COSINES.— Tablb 29 





SINES 46" 


to 90°, for each 10 minute 


8. 


|D«g.. 


ff 


10' 


20' 


30' 


40' 


Sff 


WW.. 


' 46 9 


35*934 9 


85S15' 9 


8593*° 9 


860561 


.861758 9 


8619+6 


43 






865301 


8 6 64 70 


S67631 


.868 785 


8*9933 


4' 


48 


871073 


87iioB 


873335 


874456 


.87557" 


876678 


41 1 




877780 


67887s 


97996J 


8810+6 




883.91 


40 1 


i ■° 


88+15+ 


88S3M 


88fij6i 


88 7406 


.888++4 


8894?? 


39 1 


;i 


890503 


B91513 


891536 


893544 


.89+5+6 


895541 


J8 , 


J* 


89653J 


897516 


898494 


899+67 


.900+33 


9CI594 


n 


Si 


902349 


90319B 


9041+1 


905 '79 


.906,11 


907037 


36 


5+ 


907958 


908873 


909781 


910686 


.91.584 




35 


55 


9'33*5 


914146 


91S'»3 


915994 


,916859 


917719 


3* 


5« 


9'857+ 


91941+ 


9=0168 


91. .07 


.911940 


911768 


33 




9*359' 


914409 


9151H 


916019 


91683. 


917619 


31 1 




9184.20 


919107 


919989 


930766 


■931537 


931304 


i' 


S9 


933066 


933S" 


9J4574 


935110 


.936061 


936799 


30 1 




937S3' 


93S158. 


938980 


939697 


.9+0409 


9411. 7 


=9 ■ 


61 


941819 


941517 


943110 


9+3899 


.944581 


945161 


18 1 




945935 


946604 


947169 


9+7919 


.9+8584 


949135 


n 


G3 


949881 


950511 


95 "59 


95.791 


■951419 


953041 


16 1 


64 


95366Q 


9S4174 


954883 


9S5488 


.956089 


95668+ 


'i 


65 


957176 


957863 


958445 


959013 


.959596 


960165 


^ 


66 


960730 


961190 


961846 


961398 


.961945 


963+88 


>3 ■ 


6; 




96+560 


965090 


965615 


.966.36 


966653 






967166 


96767+ 


9681 78 


968678 


.969.73 


96966-; 






970151 


970635 


97'113 


971588 


.971058 


97151+ 




70 


971986 


973444 


973897 


974347 


.97+791 


97S133 


19 


71 


975670 


976103 


97«53i 


976957 


.977377 


97779+ 


.8 




978106 


978615 


979019 


979410 


.979816 


980108 




7J 


980596 


98098. 


98.361 


981737 


.981.09 


981+77 




74 


9S18+1 


983101 


983558 


983911 


.984159 


98+603 


'S 


75 


9849H 


985180 


985613 


985941 


.986166 


986587 






98690+ 


987117 


987516 


987831 


■988.33 


988+30 


'i 




98871+ 


9S9014 


989300 


989581 


.989860 


99013+ 






990404 


990671 


99093+ 


99.193 


,9914+8 


991699 






991947 


991190 


991+30 


991666 


.99189B 


993 '17 




80 


993351 


99357; 


993789 


994003 


■99+111 


9944'8 


9 




994610 


994818 


995013 


995103 


.99539° 


995573 






995753 


995918 




996169 


■996+33 


99659+ 


7 


83 




996904 


997053 


997199 


■99734' 


997480 


6 


84 




9977+5 


997871 


997996 


.9981.6 


998131 


5 




9983+4 


998453 


998558 


998659 


.998757 


998851 


4 








999110 


999189 


.999165 


99933S 


3 




999404 


9994*9 


9995^9 


999586 


.999640 


999689 




88 


999735 


999778 


999816 


999851 


.999881 






S9 
90 10 


99993* 


999954 


999971 


999983 


■999993 


999998 


° 


DCRl. 


60' 


50' 


40" 


30' 


20' 


10' 


D^ 




COSI 


NES 0° 


to 44-, f 


or each 


10 minute 


.. 1 



72 



TRIGONOMETRIC RATIOS.— Table SO. 



HATUEAL SIHES, TAHGENTS, AND SECAHTS, 

WITH THSa COSIMIS, COTAMOKlfTf, AMD COnSCAVn, 

To every degree of the Quadrant, radine being LOOOOOO. 

Note. — From o to 45 degrees the name of the column is at the head of the page ; from 
45 to 90 degrees the name of the column is at the foot of the page. 



Arc. 



Sine. 



I 

2 

3 

4 

5 

6 

7 
8 

9 

10 

II 

12 

H 

15 

16 

17 
18 

19 
20 

21 

22 

23 
H 

25 

26 

a7 
28 
29 

30 

3* 

32 
33 
34 

35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 



/ZiZl 



000000 
017452 
034899 

052336 
069756 

087156 

104528 
121869 

U9173 

156434 
173648 

190809 
207912 

22495' 
241922 

258819 

275637 
292372 
309017 
325568 
342020 

358368 
374607 

390731 
406737 
422618 

438371 

453991 
469472 
484810 
500000 

515038 
529919 

544639 
559»93 
573576 

587785 
601815 
615661 
629320 
642788 

656059 
669131 
681998 
694658 
707107 

Cosine. 



Cosine. 



000000 
999848 

999391 
998630 

997564 
996195 

994522 
992546 
990278 
987688 
984808 

981627 
978148 

974370 
970296 

965926 

961262 

956305 
951056 

945519 
939693 

933580 
927184 

920505 
913546 
906308 

898794 
891007 
882948 
874620 
866025 

857167 
848048 
838671 
829038 
819152 

809017 
798636 
788011 

777146 
766044 

754710 

743145 
731354 
719340 
707107 

Sine. 



Tangent. 






000000 

017455 
034921 

052408 

069927 

087489 

105 104 
122784 
140541 

158384I 
176327 

194380 

212557 
230868 

249328 

267949 

286745 

305731 
324920 
344328 
363970 

3838^^4 
404026 

424475 
445229 
466308 

487733 
509525 
531709 

554509 
577350 

600861 
624869 
649408 
674509 
700208 

726543 

753544 
781286 

809784 

839100 

869287 
900404 

932515 
965689 

000000 
Cotan. 



Cotan. 



Infinite. 
57.28996 
28.63625 
19.08114 
14.30066 
11.43005 

9.514365 
8 . 144346 

7.115370 

6.313752 
5.671282 

5-144554 
4.704630 

4.331476 
4.010781 
3.732051 

3.487414 
3.270853 

3.077684 

2 . 9042 I I 

2 747477 

2 . 605089 

2.475087 

2.355852 
2.246037 

2.144507 

2.050304 
.962611 
.880727 
.804048 
.732051 

. 664280 
.600335 

.539865 
.482561 
.428148 

.376382 
.327045 
.279942 
.234897 
.191754 

.150368 
.110613 
.072369 

.035530 
.000000 

Tangent. 



Secant. 



.000000 
.000152 
.000609 
.001372 
.002442 
.003820 

.005508 
.007510 
.009828 
.012465 
.015427 

.018717 
.022341 
.026304 
.030614 
035276 

.040299 
.045692 
.051462 
.057621 
.064178 

.071145 

.078535 
.086360 

.094636 

.103378 

.112602 

.122326 

.132570 

.143354 
.154701 

.166633 

.179178 

.192363 
. 2062 1 8 

.220775 

.236068 
.252136 
.269018 
.286760 

.305407 

•325013 
.345633 
.367328 
.390164 
.414214 

Cojec. 



Cosec 



Infinite. 

57.29869 
28.65371 
19.10732 

14.33559 
11.47371 

9.566772 
8 . 205509 
7.185297 

6.392453 
5.758771 

5 . 240843 
4.809734 

4.445411 
4.133566 

3.863703 

3.627955 
3.420304 

3.236068 

3.071554 
2.923804 

2 . 790428 
2.669467 

2.559305 

2.458593 
2.366202 

2 281172 
2.202689 
2.130045 
2.062665 
2.000000 

.941604 
.887080 
.836079 
.788292 

. 743447 

.701302 
.661640 
.624269 
.589016 

.555724 

•524253 
.494477 
.466279 

.439557 
.414214 

Secant. 



Arc. 



90- 

89 
88 

87 
86 

85 

84 
83 
82 

81 
80 

79 
78 

77 
76 

75 

74 

73 
72 

71 

70 

69 

68 
67 
66 

65 

64 

63 
62 
61 

60 

59 
58 
57 
56 

55 

54 

53 
52 
51 

50 

49 
48 

47 
46 

i*. 

Arc. 



ANIfUITIES ANJ) LEASES. 



TABLES 31, aiA, and 81b. 



Abatracted from Wtalit Edition ^Imvood's Taslbb, 



ANNUITIES AND LEASES— Tabm St 



TABLE FOE FnTOIHQ TALTTE 
ANNUITIES AND LEASES, HELD FOR A CERTAIN TERM. 



bDtdi, Ute tho namber 



inliniu!, nnlllplied b; thi umiul reitUI, 
la thd line toirkod " PbiPp," ttum th« cc 



TEAAE' FIFKCBASE. 



3VCflnt4«>Cent BPCri 



av Cent 9^ Cent. IWCi 



ANNUITIES AND LEASES.— Tabli 31a. 




TABLE FOE FINDING VAITTE 


ANNUITIES AND LEASES, HELD FOR A SINGLE LIFE. 


Jddt— Tha uhDlw niunbar In Lbs cnXama of dia uUmitei nle of Inlanat, upimsila tho 


■Se of (he lire In the Ural nlucan, mnlUpUad br tba umiul mtal, tUI glTe Uie 


TlllUB. 


YeuB 


TJASB' PUHCHABE. 


1 4.. 


II 


31^ Co.it. 


4*)'CcdL 


019 CdI. 


SIPCbtxI. 


TVCMl. 


S'PCKil. 


10 


10.66 


,- ,j 


'5-'4 


13.>8 


11.81 


10.61 




.3.66 


leijg 


14-59 


Ij!86 


11.47 


10,34 


le 


19.44 


■6.63 


.4-46 


11. ?6 


1..38 




17 


19.11 




■4-33 


11.66 






IS 


19.01 






■1-56 


11.13 




IS 


18.8* 


16.17 


14.11 


11.48 


11.16 


10.08 


so 


.8. 64 


lfi.03 


14.01 


11.40 


11.09 


10.03 


aa 


If. 


;?:i; 


;i:i; 


11-33 
11.17 


11.04 
10.99 


9.99 
9-95 


1 aa 


1S..5 


15.68 


'3-75 




10.9+ 


9.91 


S4 


.7.98 


■s-sfi 


13.66 


11.13 


10,89 


9-S7 


BA 


.7.81 


15-44 


13.5? 


11.06 


10.84 


9.81 


ae 


';-6+ 


15-31 


13-47 


11.99 


10.78 


9.78 


B7 


17 .+7 




?'ll 


11.91 




9-73 


as 


17-19 


15-05 




.1.84 


10.66 


9 69 


aa 






l3-'8 


11.76 


10.60 


9.64 


30 


16.91 


14.78 


13.07 


11.68 


10.54 


9-58 




16.73 


14-64 


11.97 


11.60 


10.47 


9-53 


aa 


'6-5t 




11-85 


11.51 


10.40 


9.48 


33 


■ 6.3+ 


'4-35 


U.74 


11.41 


Wll 


9-41 


34 


■fi.i4 


14. IQ 


11.61 


11.33 




9.36 


35 


'5-94 


14. CH 


"■50 


11.14 


10. iB 


9-30 


3S 


'S-73 




1X.38 






9-^S 


37 


'i-51 


'3.71 


11.15 






9.16 


3S 




'3-55 








9,09 


39 


.5.08 


13.3a 


11.98 


10.81 


9-85 


9.01, 


40 


14.85 


ti.xo 


1..84 


10. Ji 


9-?S 


8.94 


49 


13 '69 


11.18 






9.16 


8-5S 




ii.44 






9-4* 


8.68 


8.0+ 


5S 


11.15 


ig.io 


p.38 


8.67 


8. 05 


7.50 


eo 


9-78 


1:^ 


8-39 


7.81 


J. 31 


6.86 


70 


6.73 


6.01 


5-71 


S43 


5.1a 


eo 


3-78 




3.£i 


3-39 


3-18 


J-17 


•o 


1.79 


1.76 


l.Ji 


1.69 


1.66 


1.6J 
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ANNUITIES AND LEASES.— Tabib 81b. 



TABLE SEEWaOt PBESEHT ViXTJE OF A BEVEBSIOH 

nr PEBfETUITT, 

APTEB AST OIVEM TEHM, IHOM 10 TO 60 TBABS, 
At HaU* of tnttrutfrom 3 to 8 per CtHt 



I 






Ailftr— The tabular number in tbe column of the estimated rate of interest, opposite the 


number of years to run, multiplied by the rental, will give the ratue. 




Yetrt 


Years' 


Years' 


Years' 


Years' 


Years' 


Years' 


Years' 


Purchase 


Purchase 


Purchase 


Purchase 


Purchase 




Purchase 


Bnn. 


at 


at 


at 


at 


at 


St 


at 


accent. 


4^Cettt 


5^ Cent 


6^ Gent 


T^Cent 


S^Cent 


10 lucent. 


lO 


24.80 


16.89 


12.28 


9.31 


7.26 


5.79 


3.85 


18 


23.38 


15.61 


1 1. 14 


8.28 


^.34 


4.96 


3.17 


14 


22.04 


14.44 


10.10 


7.37 


5.54 


4.26 


2.63 


18 


20.77 


13.35 


9.16 


6.56 


4.84 


3.^5 


a. 18 


18 


19.58 


".34 


8.31 


5.84 


4.23 


3. 13 


X.80 


80 


18.46 


II. 41 


M^ 


5.20 


3.69 


2.68 


t.48 


88 


17.40 


10.55 


6.84 


4.62 


3.22 


2.30 


1.23 


84 


16.40 


9.75 


6.20 


4.11 


2.82 


1.97 


X.OI 


88 


15.46 


9.02 


5.62 


3.66 


2.46 


X.69 


.84 


88 


14.57 


8.34 


5.10 


3.26 


2.15 


«.45 


.69 


80 


13.73 


7.71 


4.62 


2.90 


1.88 


f.24 


.57 


88 


12.94 


7.13 


4.20 


2.58 


X.64 


t.o6 


•47 


84 


12.20 


6.59 


3.81 


2.30 


«.43 


•9* 


•39 


88 


11.50 


6.09 


3.45 


2.05 


1.25 


.78 


•32 


88 


10.84 


5-^3 


3.»3 


X.82 


1.09 


.67 


.27 


40 


10.22 


5.*i 


2.84 


X.62 


'9S 


.57 


.22 


48 


9.63 


4.81 


2.58 


1.44 


.83 


.49 


.18 


44 


9.08 


4.45 


».34 


X.28 


.73 


.4* 


.'5 


48 


8.55 


4. II 


2.12 


1. 14 


.63 


'$6 


• 12 


48 


8.07 


3.80 


1.92 


1.02 


'SS 


•31 


• 10 


50 


7.60 


S'S* 


1.74 


.90 


.48 


.21 


.08 


58 


7.17 


3.25 


1.58 


.81 


.4* 


.»3 


.07 


54 


6.76 


3.01 


1.43 


.7* 


.37 


.20 


.06 


58 


6.37 


2.78 


1.30 


.64 


.32 


.17 


.05 


58 


6.00 


*.57 


1. 18 


.57 


.28 


.14 


.04 


eo 


5.66 


2.38 


1.07 


.51 


.25 


.12 


.03 








Tabl 


eSlo. 









ON A SINGLE LIFE FROM 10 TO 90 YEABS OF AGE. 

As Fixed by the Legacy Act, 



Age. 


ValuB. 


Age. 


Value. 


Age. 


Value. 


Age. 


Valve. 


lO 
15 

ao 

85 


£ 8. 

1,679 2 
i,6p3 6 

1,543 x^ 


SO 
85 
40 
45 


£ 8, 

1,478 2 

1,403 >8 

1,319 14 
I , 228 6 


50 
55 

80 
85 


£ 8. 

i,iz6 8 

1,020 2 

903 18 

776 2 


70 
75 
80 
90 


£ 8. 

636 a 
496 4 
364 6 

ns i^ 



mmt 



TIDES OF BRITISH PORTS, 



AX» 



TIDE TABLES; 



WITH THB 



MOON'S TRANSIT jot HORIZONTAL PARALLAX 



FOR 1852, 1853, and 1854. 



TABLES 32, 32ay 32b, 32o, 33, 34, and 35. 
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TIDES OF BRITISH PORTS. 



DESCEIPTIOH OF TABLES 82, 82a, 82b, 33, 34 ft 35. 



These tables, which are chiefly based on the notes to the Admiralty 
tide tables, will be found nsefiu, not only for finding the heights and 
times of high water at the yarioas ports mentioned, bat also for tracing 
the progress of the tidal waye, and for readily ascertaining when any 
particolarly high or low tide may be expected, by the rise attached to 
the different hoars of the moon's declination at noon. 

Table 32 gi^^s the constants for finding the time of high water at 
twenty places ; no other corrections are giyen, as they are too small to 
affect the validity of the result ; a light breeze would occasion a greater 
yariation than the largest correction that can be applied for time, and 
often for heights. 

Table 32a &^^ the constants for finding the heights of high water 
at the same twenty places ; for greater accuracy, the corrections for the 
moon's declination and parallax giyen in Table 32b must be applied. 

Table 32b giyes the corrections of height for the moon's declination 
and parallax for twenty places, which are to be applied to the constants 
previously found in Table 32a. 

Table 34 contains the moon's transit and dedination at noon, for 
the years 1859, 1853, and 1854, from the NautictU Abnanae. New moon 
and fall moon occur when the transit is at 12 and 24 hours reqseetiyely. 

Table 35 gi^ea the moon's horizontal parallax at noon, for every 
fifth day of the month, for 1852, 1853, and 1854 ; the intermediate days 
may be averaged accurately enough for the corrections of TaUe S2b, 

Tables 32 and 32a give the time and heights for a London tide two 
days following the transit, to be taken as a datum ; for tides at the other 
specified pla^, take the additions shewn in Table 32. TTie time in 
Tables 34 and 35 is mean solar; therefore, for reducing aU the times of 
the tables to common time, correction must be made from an almanac 
according to the season. 

Example. — Required the Time and Height of High Waittf at ^uK, o» 
January 2Ath, 1852. 

^ K. ]|. 

Moon's transit on January 22nd, at 1 13 

Table 32 gives for Ih. 13m. at Hull 1 19 10 

The time of high water following noon of Jan. 2dnd 1 20 93 
or 8h. 23m. a.m. mean solar time on January 94th. 

Fleet. 

The same transit gives, by Table 39a 90.^ 

Correction for dedination on January 29nd, viz., 18 deg. — .16 
parallax ^ '^•» 55 min, — .63 



>» 



IL 



The height of high water, when corrected, being 19.84 

on January 24th, or 19 feet 10 ins. at 8.23 a.m. 

Table 33 gives the mean spring vange, and the oonstants of time and 
heights of high water, for a number of places, to be added or deducted, 
in reference to the standard places designated in black letters at the 
head of each division ; the time and heights of these leading places being 
found fVom the tables 32, 32a, and 326, in connection with the moon's 
transit, as before described. It must be recollected that whatever the 
tide may range on the particular day required at the standard place, yet 
the constant difference at any other place, referred to such standard, will 
be the same; the places being in fact both situate on co-tidal lines. 
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Example. — Let it be required to find the Time and Height of High 
Water at Great Grimsby on the same date, viz., January 24 M, 1852. 
Hall is the port of rererence for Great Grimsbj. The h. m. 
time 01 high water there, by the former example, is 8 23 a.m. 
Gonstaot for Great Grimsbj — 53^ 

Giving for the time of high water. . . • 7 30 a.m. 

Ft In. 
Height of high water at Hall on Janaary 24th. ... 19 10 
Constant for Great Grimsbj — I 8 

Giving for the height of high water . . 18 2 

THE BEVOKPOBT TIDAL CONSTAim, in Table 32&, were redaced 
by Dr. Whewell, from observations made at Devonport; the times being 
deduced from three and the heights from five years observations. 

The method of using them is very similar to that of the other tables, 
but in order to make it clearer, an example is given below. 

To find the Time and Height of High Water at Devonport, on 
January 26th, 1853. 

h. m. 

Moon's transit, January 24th • 12 03 

Table33gives 6 33 

Time of high water, January 26th, being 18 36 

or 6h. 36m. a.m. 

To find the height, — Feet. 

The above transit ^ves • • • • • 15 .37 

Correction for decimation, 23 deg. 35 

Height of high water, January 26th, being 15 . 02 

To find the Height of Low Water and the Range of the Tide. 

The zero of heighu in Tables 32 and 32a, is the mean height of low 
water at spring tides. 

The low water of any one tide is generally as much above the mean 
low water as the high water of the same tide is below mean high water; 
and if the high water be above mean high water, the low water is as 
much below the zero of the tables. 

ExxMFLE.— Required the Height of Low Water and the Range of Tide 

at Huff, on January 22nd, 1852. 

Ft. In. 

Height of high water as above 20 5 

Mean height of high water at spring tides, above zero. . 20 10 

Therefore high water at Hull, on the 22nd January, 1852, will be 5 ins. 
below that of mean spring tide, and low water will be 5 ins. above zero ; 
therefore the ran^e or the day will be 20 ft. 10 ins. — 2 X 5= 20 feet. 

To find the height of the tide at say four hours from high water of the 
above day, take multiplier for four hours from Table 24%, page 47, r= 
.258 X 20 feet, =? 5.16 feet above the low water of the day, wMch being 
5 inches above zero of the tables, .42 is to be added to the above, making 
the height of the tide, at 4 hours ebb, 5.58 feet above zero of the tables. 
In contracted places and rivers, the tide flows faster than it ebbs, as will 
be seen in our various examples; this was also found to occur even 
throughout the Irish Sea, by Captain Beechey. 

Table 32o shews the state of tide at each half-hour of rise or fall, for 
tides ranging from 6 to 40 feet ; this will give by inspection a more 
accurate result than the foregoing rule. ^ 



TIDEa OF BRITISH PORTS.— Tablb 38. 

TABLE FOB COMfUTIUa TIXE OF HIOH WAXEK, 

Far TVwiUy iticct ipeeified. 

Showing tlw SamtiiMiutnul luqoiiUtr, + ■ cmutuit; iBiiiiiiiilliiit tba Inleml 
batvHD tha Koon'i Truuli, two imja prMeiUii| ■ London lldc^ *ad tba Time OJ 
High WUerj tha Himo'i Finllu bslns ST. h>r DMUutton U°; Uh Bnn-i 
Pmllu e"-8, ud DecUnuloD iS». 



Xluuit Brsit. 






8hB6r- London. Harwioh. HnlL 



a o 
7 o 
s o 
s o 
lO o 



Tliima. Oreenaok L 






1 O : 

a o 

3 O : 



S O 

10 o 

11 o 



'S 55 
"5 47, 



9 *3 1 
9 59 1 
9 54 > 



9 O 

4 O 

5 O 



G.1W.J. «K 



B O 

10 O 

11 O 



5 49 
5 5° 
S 4» 
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TIDES OP BEITISH POETS.— Table Sftu 



TABLE FOR COHPITTIHG HEIGHTS OP HIGH WATER, 

For Tweniif Piacea specified. 

Showing the Semi-menstitud Ineqoalitf, 4. a eonfltenti in the Height of High Water, 
with reference to the apparent Solar time of the Moon's Transit B, the Moon's 
Parallax being 67\ and her Declination 16^; the Son's Parallax 8"*6^ and Declina- 
tion 16°. 



Moon's 
Trmifit 



h. 

o 
1 

a 

8 



m. 
O 

o 
o 
o 
o 
o 



Breit 



6 o 

7 o 

8 O 

9 O 

10 o 

11 o 



Feet 
9.06 
8.92 
8.36 

7.31 

5.88 

4-47 

3.83 
4.08 

5-»7 
6.66 

8.03 

8.84 



Porti- 
moufh. 



Feet 
12.62 

12.51 
12.29 
11.84 
11.24 
10.57 

10.07 
10.19 
10.91 
11.62 
12.18 

12. R2 



Dow. 



Feet 
18.66 
x8.6x 
18.24 

17.54 
16.48 

15.36 

14.51 

14.7* 

15.75 
16.85 

17.78 
18.41 



Sheer- 



Feet 

16.10 

15.96 

15.59 
14.98 

14.17 
13.46 

13.10 
13.48 
14.21 
14.96 
15.61 
16.03 



London. Harwich 



Feet 

19.51 

19.45 
19.10 

18.48 

17.65 

16.85 

16.33 

16.39 

17.00 

17.85 
18.64 

19.22 



Feet 
XI. 56 
XI. 38 
XI. 10 
X0.72 
10.28 
9.88 

9.7a 

9'9S 
10.43 

10.94 

XI. 38 

11.57 



Hull. 



Feet 
20.87 

ao.75 
20.17 

19.18 

18.05 

16.96 

16.34 
16.78 
18.06 
19.22 
20.09 
ZO.63 



Moon's 

Transit 

B. 



h. m. 

O 

1 o 

a o 

3 o 

4. o 

5 o 

8 O 

7 O 

8 O 

9 O 

10 o 

11 o 



Snnder- 
land. 



Leith. 



Feet. 

4.43 
4.26 

3-71 
3.01 

2. 22 
1.46 

1.02 
1.25 
2.09 

2-95 

3.64 
4.14 



Feet 

16.29 

16.00 

15.54 
14.88 

13.9* 
13.05 

ia.58 
X2.87 
13.60 
14.61 

15.59 
16. )8 



Thnrso. 



Feet 

13.25 
13. 00 

12.46 

XX. 67 

XO.76 

9.98 

9'Si 
9.61 

10.30 

11.45 
12.52 

13.18 



Greenook 



Feet. 
9.7a 
9.71 
9.61 

9.33 
9.00 

8.64 

8.29 
8.29 
8.67 
9.04 

9.31 
9.56 



Liverpool 



Feet. 
25.50 

25.43 
24.68 

23.66 

22*30 

20.98 

20.33 
20.48 

21.79 
23.13 
24.28 

25.13 



Pem- 
broke. 



Feet 
21 .00 
20.82 
20.24 

19.25 
17.96 
16.58 

15.63 
15-77 
17. 00 

18.54 
19.81 
20.62 



Weston 
snper- 
Mare. 



Feet 

37.27 

37.09 

36.37 

34.83 

32.67 

30.34 

28.79 
29.08 

30.79 
33.16 

35.25 
36.50 



Moon's 
Transits. 



hi m. 

O 

1 o 

a o 

3 o 

4. o 

5 O 

8 O 

7 O 

8 O 

9 O 

10 O 

11 o 



Holyhead. 



Feet, 
x6.oo 

15.83 

15.41 
X4.68 

13.84 

13.03 

12.63 

12.97 
13.66 

14.55 

15-30 
15.80 



tOWR, 



Feet 
X0.94 

X0.80 

10.49 
10.05 

9.61 
9.13 

8.83 
9.10 

9'SS 
10.04 

XO.50 

10.86 



Bel£ut 



Feet 

9.43 

9-37 

9.24 
9.00 

8.63 

8.30 

8.09 
8.07 
8.36 
8.86 
9.22 
9.41 



Sligo. 



Feet 
8.54 

8.45 
8.06 

7.51 
6.83 

6.22 

5.98 
5.94 

6.35 
7.25 

7.96 
8.31 



Oalway. 



Feet 

14.83 
14. 68 
14.20 

13.43 

12.34 
11.30 

10.87 
11.17 

12. 02 
X2.98 
13.8* 

14.49 



Queens- 
town. 



Feet 

11.75 
XX. 69 

11.37 
X0.84 
10.19 

9'SS 

9.14 
9.26 

9.78 
10.47 
II. 12 
11.57 



\y^tx 



TIDES OP BRITISH PORTS.— Table 82b. 



TASLE OP COBRECTIONS 
FOR THE HOON'S SECLIHATION AKD FARAIXAX, 

For the Twtnti/ Plaixi rpecifixd. 



M>«.— For tie Moon'j I 



Rune ot Fort. 



KOOB-S DECURAnOH. 



14° ^5= 30' 



KODHS' FAXAILAX 



Hm^Mi 



BEVONPOBT TIDES. 

TlBLi ihewlng the eenl-m^nilruJiI InHualit;, urtlis inUnal I 









■oou'i Parallax. 



TIDES OF BRITISH PORTS 


. — ^Tabu SSo. 


TASLB FOB FnTDIHG TEE EEIOHT OF THE TEDB 
8BT0BE OE A7TBB HIQH WATIB. 

Are ol ki lUm-M aflir Sigh Waur. 


Hangs. 


S 30 


ao" 


* X 


::U 


"a fl 


2 5^ "2 


"; ^ 




M 


7 

a 

13 
1* 

IS 

17 

la 

32 

14 a 

28 
2B 

3a 
as 


9 9 

IS 7 
i6 7 

1] s 
»9 I 
II t 


7 4 

IT 6 
^9 i 

6 In 


6 « 

6 II 

17 o 


16 10 


7 6 


4 « 

fi « 
7 i 

9 <S 




r. 




:': 


Ft-lM. 


30 


a. n. 


1 30 


2 o'a 30 


", n' 


S3^f4 0"j:^-|°S0 


■..: 



TIDES OF BRITISH PORTS.— Tablb 88. 



TABLE OF COHSTAHTS, 



To be >d Jed ta, or delocled from, iha Times ud tleighu of lUgli Witer, ai tompatM 
frtns Tibial S! end S2e. 



7^ PorU of Bilference and their Tidal Ranga are In Black Figures. 



Foiat, BolnT '- 

n* da btat 

UjAhA 

BLBdawlOnn 

Bwiwr -.- < 

MnlHBi — ~.~ 

thoMlMH ~~ 

LttdflliUDBtaii fc Be 
BoDbiUigFatnt.^ 
BmilhuptaD ._.... 



j?;i 



i^i^i^!: 



LOimov ■■ 

HABWIOK 

Yumwlb .. 
l^VBltuft 

HULL 

Spnrn PlitDt.~ 

SUKIEBLAKD 

Perth TldeBKbmr.. 

LEITH 

Pclorhwd 

Abf^rdeen ■ 

MoDtniB ,»*...-.*-«»■■ 

Uol7lduid.'~J.. 

TUUBSO — 

ToiirdQCoTdDDaa ..." 
[SOCQ 
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TIDES OP BRITISH PORTS.— Table 


sa. 




TABLE OF COHSTAJTTS. 

T9H*ddeltovr[I»dad(idfrDmIh«Tim<a SQd nelgbti of nigb Water, ueompntwl 1 
7%e Font of Rcfirence and their Tidal Banga, art in Black Figva. 


FOBIB. 


Heim 
3ptg. 
lUagg 


CantUnti. 


POBTS. 


H.» 


QuutULtlJI 


Tlmt. 


Hglll 


BMge 


TllM 


Hght. 




9 9 




-0 : 

+» 1 
-1 1 

+ ll 


pFSBTOWK 


U ( 

g fi 

8 8 

V'- 

1410 

19 I 
U D 

!; 


3! 

-oil 
to 'i 

-4 7 

tii 

fa If 

-017 
fo S' 

fo»7 

3? 


Ft. Id. 
lo 4 

til 

.-' 7 

+1 ■ 

+0 6 
+« n 

+0 J 






?mt;? 








^^^^...::zz 


u e 

a 

>j' 9 
ST 8 

19 9 

16 1 

u 

U 


— 4 

+0 17 
-Df7 












T^P^m(A.,w„).. 






KUOO -... 






TotTljil.od 

Bl.eBph,v.o 




MUto^d EDlniDO. 






















'''^....!!!P!B 




Abery.tlrtOl..^ „„ 
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TIDES OF BRITISH PORTS.— Tabu 34. 

TABLE OF THE KOON'S TBAITSIT, 

AND DECLINATION AT NOON, 

For tlie Ycu-B IBSa, ieS3 uid IBSA. 



! Table 34 in l)i£ 



JANUABT. 



« (Ab t, 



of the Ta&la. 



febbhaby. 



18S2. 18S3. 



8.06 . 
S.Jfi ; 
9-47 ■ 



'5-55 
1S.48 I 





TIDES OF BRITISH PORTS.- 


-Table 34. 




TABLE OF THE MOON'S TKAITSIT, 


AND DECLINATION AT NOON, 


For tlia Yaura 1S5B, IBftS, uut 1694. 


For uie «« Table M in llu Remarks on the nae of the TaUei. 


Da, 


HABCE. 


APaiL. 1 


IBSS. 


1863. 


1BS4. 


18S8. 


1853. 


JL- II 


of 


















































MouOi 


Ki: 


a-ji. 


•-"^' 


n'1' 


KSil 


z 


■sr;: 


C.'^ 


K:;: 


n"„! 


?^L' 


K^ 






u«. 


■7.43 


0... 


a. 


Dn. 


9.48 


'5 


19 19 


14 


3-03 


19 




9-i' 




tS,4o 




J^S^ 




ia.4.1 




10.3: 


13 


3.51 










19.39 




J+i 




M.38 


5 








15 




[[.Oi 




Ul.i3. 




4.15 


16 


11.33 






16 


5-30 








'3 


"■33 




J. 11 


JO 


.3.18 


6 


"■45 


11 


6.1J 


16 




IJ.Ol 


s 


H.17 




5-59 


'3 


14. ij 


It 


.i.., 


7 


7.11 


'5 




.3.5s 




X3.16 




6. 48 


»5 


W'T 


16 














J 






7.39 


17 








3 


8. 48 






'5-43 


9 


Q.o; 












0.50 


8 




'5 




16. j; 


18 


I -10 




9.10 
0.08 


14 


[9.0J 


>3 


i.ji 
1. 16 


'7 


i.o6 


5 












0.57 


iS 


19.51 








'-S3 










3-53 






13 


'"■37 


ig 




13 


1-43 


7 






»3 


i.36 




1.19 






'5 


4-38 


14 


3.35 


13 




i[.05 




4.10 




3.'5 


' 


il.OJ 




S.>9 


15 


4.31 


18 




11. 53 


10 


5.06 




4.01 


3 


11.44 


7 


6.11 


14 


5.30 


11 




".JS 




5.55 




4-5' 


9 






7.13 




fi-33 


15 




i3.'+ 


'* 


6.46 




£■43 


>5 






8,05 


'9 


7.35 


16 








J-3S 




S.38 




Q.06 




3.56 


15 


8-35 


16 




0.04 


5 


a. 31 




7.38 


i'3 


0.48 


" 


9.46 




9-3' 


»3 




0-4S 


I 


9.i( 




a-39 


IS 


'■31 


■5 


10.37 


4 


Q.14 


19 




1.1^ 


3 


10.17 




9.40 




l.lg 


18 


11.19 










;.07 




11.09 




10.39 


H 






.1.13 




1..58 






1.50 








'.3s 




3.59 




IJ.IO 


'4 


11.43 






3-35 


ifi 


11,51 




1.1? 


18 


4.53 


»3 


■4.10 


18 


13 17 






+.11 


19 


■3-4-5 




13. 1« 


'3 


5-47 


11 


■ 5." 


11 








i.n 




'4-39 












16.14 


!■» 








6.0+ 




15-35 




0.03 




7-37 


17 


17.13 


IS 


0.56 






i5-59 


»3 


16.34 




0.4a 


4 


8.30 




ia.19 


13 


'■43 






7-5« 




17.33 


»3 


1.31 


9 


S.ii 




19.11 




1.31 


14 




8.51 


■9 


<8.33 


H 


1..7 

















TIDES OF BRITISH P0RT8.— Tablb 34. 

TABLE OF THE MOON'S TEANBIT, 

AND DECLINATION AT NOON, 

For the YauB IBSfl, 185S uid laSA. 



For Hit mm Table 34 I'l 



Bmarki on the uae n/ lAe Tahkt. 



1863. 1854. 



IBSS. 18J4. 



8.19 
9.07 
9-59 ' 



> 14.52 5 
; 15-47 3 
1 16.36 I 





TIDES OP BRITISH PORTS.- 


-Tabli 94. 




TABLE OF THE MOON'S TBAlffSIT, 


ASD DECLINATION AT NOON, 


For tUB Yauv 18SB, IBfiS, mad 1854. 


For UK tee Table 3* in As Remarks m iht u«, ef the Tabta. 


D»7 


JULY. 


AUBUST- 1 


ma. 


IMS. 


t8H. 


1U9. 


^3. 


^ II 




H.* 




Hd'.. 




K>I 




Ho',. 




Hl'l. 




HXI 


Uontli 


S^i 


U«l. 


¥^i 


»™ 


j;^ 


'^ 


^" 


ItoJo.' 


^' 


1W=L 


?^: 


IMcL 




D. U 


Dw, 


B. U. 


D«, 


^ . 


D^. 




Ut. 


u. >.. 


I»t- 


a. - 


Dt,, 


1 


ii.i4 


»3 


iO.53 


14 


4.45 


10 


13-44 


16 


11.01 


H 


5-39 


11 


a 


IJ.il 


'3 


I1.39 




5-»a 


5 


14.19 




"■53 


15 


6.19 


16 


3 


>4-'5 








6.11 




■ 5.11 


s 


■3-45 


M. 


7.14 




4 


15-05 




13 >6 


13 


6.57 




'5-53 


3 






8.13 




» 


■ 5-S' 


15 






7 -46 


11 


'6.3-4 




o'.jfi 


>9 


9.1B 


16 


a 


16-35 


II 


0.08 


IS 


8.40 


17 


'7-15 


S 


I -IS 


'S 


10.33 


i6 


7 


1J.17 


7 


0-59 




9-39 








i.i. 




M.38 


15 


B 


■7-58 




1-51 




10.4; 


15 




■4 




S 


■ 1.38 




s 


■8-39 




1.40 


18 




16 


19. ji 


17 


3-4* 




'3-34 




lO 


19. 11 
10.04. 


7 


3.19 
4.16 


'4 

9 


13.5s 


13 


II. is 


13 


4.36 

ill 


,' 


14-15 
i5-'3 


4 


lA 


io.s> 


'5 


5-03 


4 


'+■55 


'9 


11.11 


13 




17 


'S-59 








'9 


5-50 




15-47 


'4 


13.08 








16.44 


8 


14 


"■33 




6-39 




l6.jfi 


8 








=5 


17. JO 




la 


»3-»9 


" 


7-31 


'3 






o'-05 


'7 


9.18 


»S 


18. i6 


18 


i« 




>i 


a. 17 


iS 


''bZ 


4 




13 


ia.>9 


15 


19.04 


11 




a. 15 




9.17 




,8.49 




1-53 


B 


11.18 


11 


19-54 


14 


18 




'? 


10.19 


14 


19-34 


■4 


i-45 






19 


10.45 


16 






16 


M.33 


JS 


10. 11 




3-36 


3 


13-03 


'S 


11.35 


16 


ao 


i-°y 


" 


II. IS 


J4 


M.09 


11 


4.18 




■ 3.50 




11 14 


16 


ai 


4.00 


6 


13-31 


11 


"-S9 


IS 


5. II 


>3 


'4-35 


4 


13-" 


14 


aa 


4.50 




14. ij 




11.49 


16 


6.1? 


18 


i5-'8 




13-58 




B3 


5.4° 




i5-i4| 


■3 


13-39 




?.ii 






6 




17 


a4 


S.31 


9 


iS-59 


8 




'5 


8.0? 


»3 


16.44 








aa 




'4 


16.41 


* 


o'.'i8 


^3 


9-=3 




17.18 


'5 


1.16 


7 


aa 


8.19 


18 


17.14 


1 


i.H 


;o 


9-S7 


■11 


.8.14 


.9 


1.09 




37 






18. q6 


7 




16 


10.49 




19.01 




i-5> 








=3 


18.49 




1-44 




.1.38 


'7 


19. Ji 


H 


3-37 




aa 


11.09 


13 


'9-3'i 


17 


3-17 


fi 


11.14 


13 


10.44 


IS 


4-»i 


<5 


ao 


11.04 








4.09 




I J. 07 


? 


11.36 


IS 


S.17 
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11.56 


'9 






4-S3 


5 


13-49 


' 


ii.a? 


13 


6.13 


13 



TIDES OF BRITISH PORTS.— Table M. 



TABLE OP TH£ HOOK'S TKANSIT, 
«D DECLINATION AT NOON, 
Tor Uis YCKn IBSS. 18a3, bad 1854. 



a (fte BemarAs on iAe u 





BZPTEMBEB. 


OCTOBEB. 


D.7 


18S3. 


1BS3. 


1851. 


1852. 


1853. 


1954. 


of 




Ud'. 


■ 






M='. 




Ud'. 




Mn'. 




Md'. 


Month 


?^,; 


Z„ 


k: 


i>^ 


"-■ 


z, 


^";.- 


«" 


''™" 


s"»! 


k; 


»£, 




E. H 


iwg. 


a. M 


ij«. 


B. X 


Dtf. 


H. > 


D^. 


n. » 


D^. 


11. X 
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'4- JO 





13.. S 


II 


7.1 + 


16 


'4-33 


11 


-3-35 


9 


8.10 


=4 




.5... 












17 


iS.'S 


16 




3 


9.07 






'5-53 












16 
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'9 
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>5 




"S-37 


■3 




56 


7 
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9 
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19 
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'3 
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J7 
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